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Figure 2
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Figure 4
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Figure 7
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SANGLIFEHRIN DERIVATIVES AND
METHODS FOR THEIR PRODUCTION

This application is §371 application of PCT/GB2011/
052524, filed Dec. 20, 2011, which in turn claims priority to
GB Application 1021522.6, filed Dec. 20, 2010, and GB
Application 1113626 .4, filed Aug. 8, 2011. The entire disclo-
sure of each of the foregoing applications is incorporated by
reference herein.

The present invention relates to sanglifehrin analogues,
that are useful as cyclophilin inhibitors, e.g. in the treatment
of'viral infection, especially infection by RNA viruses such as
Hepatitis C virus (HCV) and HIV and/or as immunosuppres-
sants e.g. for use in prophylaxis of transplant rejection and as
anti-inflammatory agents, e.g. for use in inflammatory disor-
ders. The present invention also provides methods for their
use in medicine, in particular for the treatment of HCV infec-
tion and for use as an immunosuppressant or anti-inflamma-
tory agent, or as intermediates in the generation of further
medicinally useful compounds.

BACKGROUND OF THE INVENTION

Hepatitis C

Hepatitis C virus (HCV) is a positive strand RNA virus,
and infection is a leading cause of post-transfusional hepati-
tis. HCV is the most common chronic blood borne infection,
and the leading cause of death from liver disease in United
States. The World Health Organization estimates that there
are more than 170 million chronic carriers of HCV infection,
which is about 3% of the world population. Among the un-
treated HCV-infected patients, about 70%-85% develop
chronic HCV infection, and are therefore at high risk to
develop liver cirrhosis and hepatocellular carcinoma. In
developed countries, 50-76% of all cases of liver cancer and
two-thirds of all liver transplants are due to chronic HCV
infection (Manns et al, 2007).

In addition to liver diseases, chronically infected patients
may also develop other chronic HCV-related diseases, and
serve as a source of transmission to others. HCV infection
causes non-liver complications such as arthralgias (joint
pain), skin rash, and internal organ damage predominantly to
the kidney. HCV infection represents an important global
health-care burden, and currently there is no vaccine available
for hepatitis C (Strader et al., 2004; Jacobson et al. 2007;
Manns et al., 2007 Pawlotsky, 2005; Zeuzem & Hermann,
2002).

Treatment of HCV

The current standard of care (SoC) is subcutaneous injec-
tions of pegylated interferon-a (plFNa) and oral dosing of the
antiviral drug ribavirin for a period of 24-48 weeks. Success
in treatment is defined by sustained virologic response
(SVR), which is defined by absence of HCV RNA in serum at
the end of treatment period and 6 months later. Overall
response rates to SoC depend mainly on genotype and pre-
treatment HCV RNA levels. Patients with genotype 2 and 3
are more likely to respond to SoC than patients infected with
genotype 1 (Melnikova, 2008; Jacobson et al., 2007).

A significant number of HCV patients do not respond
adequately to the SoC treatment, or cannot tolerate the
therapy due to side effects, leading to frequent issues with
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completion of the full course. The overall clinical SVR rate of
SoC is only around 50% (Melnikova, 2008). Development of
resistance is another underlying factor for failure of treatment
(Jacobson et al. et al. 2007). SoC is also contraindicated in
some patients who are not considered candidates for treat-
ment, such as patients with past significant episodes of
depression or cardiac disease. Side effects of the SoC, which
frequently lead to discontinuation of treatment include a flu-
like illness, fever, fatigue, haematological disease, anaemia,
leucopaenia, thrombocytopaenia, alopecia and depression
(Manns et al., 2007).

Considering the side effects associated with the lengthy
treatments using SoC, development of resistance, and subop-
timum overall rate of success, more efficacious and safer new
treatments are urgently needed for treatment of HCV infec-
tion. The objectives of new treatments include improved
potency, improved toxicity profile, improved resistance pro-
file, improved quality oflife and the resulting improvement in
patient compliance. HCV has a short life cycle and therefore
development of drug resistance during drug therapy is com-
mon.

Novel, specifically targeted antiviral therapy for hepatitis C
(STAT-C), also known as direct acting antiviral (DAA) drugs
are being developed that target viral proteins such as viral
RNA polymerase NS5B or viral protease NS3 (Jacobson et al,
2007; Parfieniuk et al., 2007). In addition, novel compounds
also are being developed that target human proteins (e.g.
cyclophilins) rather than viral targets, which might be
expected to lead to a reduction in incidence of resistance
during drug therapy (Manns et al., 2007; Pockros, 2008;
Pawlotsky J-M, 2005).

Cyclophilin Inhibitors

Cyclophilins (CyP) are a family of cellular proteins that
display peptidyl-prolyl cis-trans isomerase activity facilitat-
ing protein conformation changes and folding. CyPs are
involved in cellular processes such as transcriptional regula-
tion, immune response, protein secretion, and mitochondrial
function. HCV virus recruits CyPs for its life cycle during
human infection. Originally, it was thought that CyPs stimu-
late the RNA binding activity of the HCV non-structural
protein NS5B RNA polymerase that promotes RNA replica-
tion, although several alternative hypotheses have been pro-
posed including a requirement for CyP PPlase activity. Vari-
ous isoforms of CyPs, including A and B, are believed to be
involved in the HCV life cycle (Yang et al., 2008; Appel etal.,
2006; Chatterji et al., 2009; Gaither et al., 2010). The ability
to generate knockouts in mice (Colgan et al., 2000) and
human T cells (Braaten and Luban, 2001 ) indicates that CyPA
is optional for cell growth and survival. Similar results have
been observed with disruption of CyPA homologues in bac-
teria (Herrler et al., 1994), Neurospora (Tropschug et al.,
1989) and Saccharomyces cerevisiae (Dolinski et al. 1997).
Therefore, inhibiting CyPs represents a novel and attractive
host target for treating HCV infection, and a new potential
addition to current SoC or STAT-C/DAA drugs, with the aim
of increasing SVR, preventing emergence of resistance and
lowering treatment side effects.
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Cyclosporine A (Inoue et al. 2003) (“CsA”) and its closely
structurally related non-immunosuppressive clinical ana-
logues DEBIO-025 (Paeshuyse et al. 2006; Flisiak et al.
2008), NIM811 (Mathy et al. 2008) and SCY-635 (Hopkins et
al., 2009) are known to bind to cyclophilins, and as cyclophi-
lin inhibitors have shown in vitro and clinical efficacy in the
treatment of HCV infection (Crabbe et al., 2009; Flisiak et al.
2008; Mathy et al. 2008; Inoue et al., 2007; Ishii et al., 2006;
Paeshuyse et al., 2006). Although earlier resistance studies on
CsA showed mutations in HCV NS5B RNA polymerase and
suggested that only cyclophilin B would be involved in the
HCYV replication process (Robida et al., 2007), recent studies
have suggested an essential role for cyclophilin A in HCV
replication (Chatterji et al. 2009; Yang et al., 2008). Consid-
ering that mutations in NS5A viral protein are also associated
with CsA resistance and that NS5 A interacts with both CyPA
and CypB for their specific peptidyl-prolyl cis/trans
isomerase (PPlase) activity, a role for both cyclophilins in
viral life cycle is further suggested (Hanoulle et al., 2009).

The anti-HCV effect of cyclosporine analogues is indepen-
dent of the immunosuppressive property, which is dependent
on calcineurin. This indicated that the essential requirement
for HCV activity is CyP binding and calcineurin binding is
not needed. DEBIO-025, the most clinically advanced cyclo-
philin inhibitor for the treatment of HCV, has shown in vitro
and in vivo potency against the four most prevalent HCV
genotypes (genotypes 1, 2, 3, and 4). Resistance studies
showed that mutations conferring resistance to DEBIO-025
were different from those reported for polymerase and pro-
tease inhibitors, and that there was no cross resistance with
STAT-C/DAA resistant viral replicons. More importantly,
DEBIO-025 also prevented the development of escape muta-
tions that confer resistance to both protease and polymerase
inhibitors (Crabbe et al., 2009).

However, the CsA-based cyclophilin inhibitors in clinical
development have a number of issues, which are thought to be
related to their shared structural class, including: certain
adverse events that can lead to a withdrawal of therapy and
have limited the clinical dose levels; variable pharmacokinet-
ics that can lead to variable efficacy; and an increased risk of
drug-drug interactions that can lead to dosing issues.

The most frequently occurring adverse events (AEs) in
patients who received DEBIO-025 included jaundice,
abdominal pain, vomiting, fatigue, and pyrexia. The most
clinically important AEs were hyperbilirubinemia and reduc-
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tion in platelet count (thrombocytopaenia). Peg-IFN can
cause profound thrombocytopaenia and combination with
DEBIO-025 could represent a significant clinical problem.
Both an increase in bilirubin and decrease in platelets have
also been described in early clinical studies with NIM-811
(Ke et al., 2009). Although the hyperbilirubinemia observed
during DEBIO-025 clinical studies was reversed after treat-
ment cessation, it was the cause for discontinuation of treat-
ment in 4 out of 16 patients, and a reduction in dose levels for
future trials. As the anti-viral effect of cyclophilin inhibitors
in HCV is dose related, a reduction in dose has led to a
reduction in anti-viral effect, and a number of later trials with
CsA-based cyclophilin inhibitors have shown no or poor
reductions in HCV viral load when dosed as a monotherapy
(Lawitz etal., 2009; Hopkins et al., 2009; Nelson et al., 2009).
DEBIO-025 and cyclosporine A are known to be inhibitors of
biliary transporters such as bile salt export pumps and other
hepatic transporters (especially MRP2/cMOAT/ABCC2)
(Crabbe et al., 2009). It has been suggested that the interac-
tion with biliary transporters, in particular MRP2, may be the
cause of the hyperbilirubinaemia seen at high dose levels of
DEBIO-025 (Nelson et al., 2009, Wring et al., 2010). CsA
class-related drug-drug interactions (DDIs) via inhibition of
other drug transporters such as OAT1B1 and OAT1B3 (Konig
et al., 2010) may also be a concern, potentially limiting cer-
tain combinations and use in some patients undergoing treat-
ment for co-infections such as HIV (Seden et al., 2010).
Moreover, DEBIO-025 and cyclosporine A are substrates
for metabolism by cytochrome P450 (especially CYP3A4),
and are known to be substrates and inhibitors of human P-gly-
coprotein (MDR1) (Crabbe et al., 2009). Cyclosporine A has
also been shown to be an inhibitor of CYP3 A4 in vitro (Niwa
et al., 2007). This indicates that there could be an increased
risk of drug-drug interactions with other drugs that are
CYP3A4 substrates, inducers or inhibitors such as for
example ketoconazole, cimetidine and rifampicin. In addi-
tion, interactions are also expected with drugs that are subject
to transport by P-glycoprotein (e.g. digoxin), which could
cause severe drug-drug interactions in HCV patients receiv-
ing medical treatments for other concomitant diseases
(Crabbe et al. 2009). CsA is also known to have highly vari-
able pharmacokinetics, with early formulations showing oral
bioavailability from 1-89% (Kapurtzak et al., 2004). Without
expensive monitoring of patient blood levels, this can lead to
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increased prevalence of side effects due to increased plasma
levels, or reduced clinical response due to lowered plasma
levels.

Considering that inhibition of cyclophilins represent a

promising new approach for treatment of HCV, thereis aneed 5

for discovery and development of more potent and safer CyP
inhibitors for use in combination therapy against HCV infec-
tion.

Sanglifehrins

Sanglifehrin A (SfA) and its natural congeners belongtoa 10

class of mixed non-ribosomal peptide/polyketides, produced

8

by Streptomyces sp. A92-308110 (also known as DSM 9954)
(see WO 97/02285), which were originally discovered on the
basis of their high affinity to cyclophilin A (CyPA). SfA is the
most abundant component in fermentation broths and exhib-
its approximately 20-fold higher affinity for CyPA compared
to CsA. This has led to the suggestion that sanglifehrins could
be useful for the treatment of HCV (W02006/138507). San-
glifehrins have also been shown to exhibit a lower immuno-
suppressive activity than CsA when tested in vitro (Sanglier et
al., 1999; Fehretal., 1999). SfA binds with high affinity to the
CsA binding site of CyPA (Kallen et al., 2005).

HO
61
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Biosynthesis of Sanglifehrins

Sanglifehrins are biosynthesised by a mixed polyketide
synthase (PKS)/Non-ribosomal peptide synthetase (NRPS)
(see W02010/034243, Qu et al,, 2011). The 22-membered
macrolide backbone consists of a polyketide carbon chain
and a tripeptide chain. The peptide chain consists of one
natural amino acid, valine, and two non-natural amino acids:
(S)-meta-tyrosine and (S)-piperazic acid, linked by an amide
bond. Hydroxylation of phenylalanine (either in situ on the
NRPS or prior to biosynthesis) to generate (S)-meta-tyrosine
is thought to occur via the gene product of sfaA.
Immunosuppressive action of Sanglifehrins

The immunosuppressive mechanism of action of SfA is
different to that of other known immunophilin-binding
immunosuppressive drugs such as CsA, FK506 and rapamy-
cin. SfA does not inhibit the phosphatase activity of cal-
cineurin, the target of CsA (Zenke et al. 2001), instead its
immunosuppressive activity has been attributed to the inhi-
bition of interleukin-6 (Hartel et al., 2005), interleukin-12
(Steinschulte et al., 2003) and inhibition of interleukin-2-
dependent T cell proliferation (Zhang & Liu, 2001). How-
ever, the molecular target and mechanism through which SfA
exerts its immunosuppressive effect is hitherto unknown.

The molecular structure of SfA is complex and its interac-
tion with CyPA is thought to be mediated largely by the
macrocyclic portion of the molecule. In fact, a macrocyclic
compound (hydroxymacrocycle) derived from oxidative
cleavage of SfA has shown strong affinity for CyPA (Sedrani
et al., 2003). X-ray crystal structure data has shown that the
hydroxymacrocycle binds to the same active site of CyPA as
CsA. Analogues based on the macrocycle moiety of SfA have
also previously been shown to be devoid of immunosuppres-
sive properties (Sedrani et al., 2003), providing opportunity
for design of non-immunosuppressive CyP inhibitors for
potential use in HCV therapy.

Converse to this, there is also an opportunity to develop
immunosuppressive agents with low toxicity for use in such
areas as prophylaxis of transplant rejection, autoimmune,
inflammatory and respiratory disorders, including, but not
limited to, Crohn’s disease, Behcet syndrome, uveitis, pso-
riasis, atopic dermatitis, rheumatoid arthritis, nephritic syn-
drome, aplastic anaemia, biliary cirrhosis, asthma, pulmo-
nary fibrosis, chronic obstructive pulmonary disease (COPD)
and celiac disease. Sanglifehrins have been shown to have a
novel mechanism of immunosuppressive activity (Zenke et
al., 2001), potentially acting through dendritic cell chemok-
ines (Immecke et al., 2011) and there is therefore an oppor-
tunity to develop agents with a mechanism of action different
to current clinical agents, such as cyclosporine A, rapamycin
and FK506.

Other Therapeutic Uses of Cyclophilin Inhibitors
Human Immunodeficiency Virus (HIV)

Cyclophilin inhibitors, such as CsA and DEBIO-025 have
also shown potential utility in inhibition of HIV replication.
The cyclophilin inhibitors are thought to interfere with func-
tion of CyPA during progression/completion of HIV reverse
transcription (Ptak et al., 2008). However, when tested clini-
cally, DEBIO-025 only reduced HIV-1 RNA levels =0.5 and
>1 log 10 copies/mL in nine and two patients respectively,
whilst 27 of the treated patients showed no reductionin HIV-1
RNA levels (Steyn et al., 2006). Following this, DEBIO-025
was trialed in HCV/HIV coinfected patients, and showed
better efficacy against HCV, and the HIV clinical trials were
discontinued (see Watashi et al., 2010).

Treatment of HIV

More than 30 million people are infected by HIV-1 world-

wide, with 3 million new cases each year. Treatment options
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10

have improved dramatically with the introduction of highly
active antiretroviral therapy (HAART) (Schopman et al.,
2010), By 2008, nearly 25 antiretroviral drugs had been
licensed for treatment of HIV-1, including nine nucleoside
reverse transcriptase inhibitors (NRTI), four non-nucleoside
reverse transcriptase inhibitors (NNRTI), nine protease
inhibitors (PI), one fusion inhibitor, one CCRS inhibitor and
one integrase inhibitor (Shafer and Schapiro, 2008). How-
ever, none of these current regimens leads to complete viral
clearance, they can lead to severe side effects and antiviral
resistance is still a major concern. Therefore, there still
remains a need for new antiviral therapies, especially in
mechanism of action classes where there are no approved
drugs, such as is the case for cyclophilin inhibitors.
Hepatitis B Virus

Hepatitis B is a DNA virus of the family hepadnaviridae,
and is the causative agent of Hepatitis B. As opposed to the
cases with HCV and HIV, there have been very few published
accounts of activity of cyclophilin inhibitors against Hepatitis
B virus. Ptak et al. 2008 have described weak activity of
Debio-025 against HBV (IC50 of 4.1 uM), whilst Xie et al.,
2007 described some activity of CsA against HBV (IC50>1.3
ng/mL). This is in contrast to HIV and HCV, where there are
numerous reports of nanomolar antiviral activity of cyclophi-
lin inhibitors.

Treatment of HBV

HBYV infects up to 400 million people worldwide and is a
major cause of chronic viral hepatitis and hepatocellular car-
cinoma. As of 2008, there were six drugs licensed for the
treatment of HBV; interferon alpha and pegylated interferon
alpha, three nucleoside analogues (lamivudine, entecavir and
telbivudine) and one nucleotide analogue (adefovir dipiv-
oxil). However, due to high rates of resistance, poor tolerabil-
ity and possible side effects, new therapeutic options are
needed (Ferir et al., 2008).

Inhibition of the Mitochondrial Permeability Transition Pore
(mPTP)

Opening of the high conductance permeability transition
pores in mitochondria initiates onset of the mitochondrial
permeability transition (MPT). This is a causative event, lead-
ing to necrosis and apoptosis in hepatocytes after oxidative
stress, Ca2+ toxicity, and ischaemia/reperfusion. Inhibition
of Cyclophilin D (also known as Cyclophilin F) by cyclophi-
lin inhibitors has been shown to block opening of permeabil-
ity transition pores and protects cell death after these stresses.
Cyclophilin D inhibitors may therefore be useful in indica-
tions where the mPTP opening has been implicated, such as
muscular dystrophy, in particular Ullrich congenital muscu-
lar dystrophy and Bethlem myopathy (Millay et al., 2008,
WO02008/084368, Palma et al.,, 2009), multiple sclerosis
(Forte et al., 2009), diabetes (Fujimoto et al., 2010), amyo-
trophic lateral sclerosis (Martin 2009), bipolar disorder
(Kubota et al., 2010), Alzheimer’s disease (Du and Yan,
2010), Huntington’s disease (Perry et al., 2010), recovery
after myocardial infarction (Gomez et al., 2007) and chronic
alchohol consumption (King et al., 2010).

Further Therapeutic Uses

Cyclophilin inhibitors have potential activity against and
therefore in the treatment of infections of other viruses, such
as Varicella-zoster virus (Ptak et al., 2008), Influenza A virus
(Liu et al., 2009), Severe acute respiratory syndrome coro-
navirus and other human and feline coronaviruses (Chen et
al., 2005, Ptak et al., 2008), Dengue virus (Kaul et al., 2009),
Yellow fever virus (Qing et al., 2009), West Nile virus (Qing
et al., 2009), Western equine encephalitis virus (Qing et al.,
2009), Cytomegalovirus (Kawasaki et al., 2007) and Vaccinia
virus (Castro et al., 2003).
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There are also reports of utility of cyclophilin inhibitors
and cyclophilin inhibition in other therapeutic areas, such as
in cancer (Han et al., 2009).

General Comments on Sanglifehrins

One of the issues in drug development of compounds such
as sanglifehrins is rapid metabolism and glucuronidation,
leading to low oral bioavailability. This can lead to an
increased chance of food effect, more frequent incomplete

release from the dosage form and higher interpatient variabil-
ity.

Therefore there remains a need to identity novel cyclophi-
lin inhibitors and anti-inflammatory agents, which may have
utility, particularly in the treatment of HCV infection and
anti-inflammatory conditions, but also in the treatment of
other disease areas where inhibition of cyclophilins may be
useful, such as HIV infection, Muscular Dystrophy or aiding
recovery after myocardial infarction or where immunosup-
pression is useful. Preferably, such cyclophilin inhibitors
have improved properties over the currently available cyclo-
philin inhibitors, including one or more of the following
properties: longer half-life or increased oral bioavailability,
possibly via reduced P450 metabolism and/or reduced glu-
curonidation, improved water solubility, improved potency
against HCV, reduced toxicity (including hepatotoxicity),
improved pharmacological profile, such as high exposure to
target organ (e.g. liver in the case of HCV) and/or long half
life (enabling less frequent dosing), reduced drug-drug inter-
actions, such as via reduced levels of CYP3A4 metabolism
and inhibition and reduced (Pgp) inhibition (enabling easier
multi-drug combinations) and improved side-effect profile,
such as low binding to MRP2, leading to a reduced chance of
hyperbilirubinaemia, lower immunosuppressive effect,
improved activity against resistant virus species, in particular
CsA and CsA analogue (e.g DEBIO-025) resistant virus spe-
cies and higher therapeutic (and/or selectivity) index. The
present invention discloses novel sanglifehrin analogues
which may have one or more of the above properties. In
particular, the present invention discloses novel mutasyn-
thetic sanglifehrin analogues which, in at least some embodi-
ments, have reduced metabolism via P450 or glucuronida-
tion, for example as shown by increased microsome half-life
and/or improved potency against HCV, for example as shown
by a low replicon EC,, and/or increased selectivity index.

There is also a need to develop novel immunosuppressive
agents, which may have utility in the prophylaxis of trans-
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plant rejection, or in the treatment of autoimmune, inflamma-
tory and respiratory disorders. Preferably, such immunosup-
pressants have improved properties over the known natural
sanglifehrins, including one or more of the following proper-
ties: longer half-life or increased oral bioavailability, possibly
via reduced P450 metabolism and/or reduced glucuronida-
tion, improved water solubility, improved potency in immu-
nosuppressive activity, such as might be seen in t-cell prolif-
eration assays, reduced toxicity (including hepatotoxicity),
improved pharmacological profile, such as high exposure to
target organ and/or long half-life (enabling less frequent dos-
ing), reduced drug-drug interactions, such as via reduced
levels of CYP3A4 metabolism and inhibition and reduced
(Pgp) inhibition (enabling easier multi-drug combinations)
and improved side-effect profile. The present invention dis-
closes novel sanglifehrin analogues which may have one or
more of the above properties. In particular, the present inven-
tion discloses novel sanglifehrin analogues which, in at least
some embodiments, have reduced metabolism via P450 or
glucuronidation, for example as shown by increased
microsome half-life and may have improved immunosup-
pressive potency, for example as shown by a low t-cell pro-
liferation IC,,.

SUMMARY OF THE INVENTION

The present invention provides novel sanglifehrin ana-
logues, which have been generated by mutasynthesis. These
analogues may be generated by feeding analogues of meta-
tyrosine to a sanglifehrin producing organism, such as Strep-
tomyces sp. A92-308110 (also known as DSM 9954), or more
preferentially, by feeding meta-tyrosine analogues to a
genetically engineered derivative of a sanglifehrin producing
organism, where sfaA, or a homologue of sfaA is inactivated
or deleted. As a result, the present invention provides muta-
synthetic sanglifehrin analogues, methods for the preparation
of these compounds, and methods for the use of these com-
pounds in medicine or as intermediates in the production of
further compounds.

Therefore, in a first aspect, the present invention provides
mutasynthetic sanglifehrin analogues and derivatives thereof
according to formula (I) or formula (II) below, or a pharma-
ceutically acceptable salt thereof:

@
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14

D

wherein:

R,, R,, R5, R, and Ry independently represent H, F, Cl, Br,
C,_salkenyl or C, _, jalkyl wherein one or more carbon atoms
of said alkyl group are optionally replaced by a heteroatom
selected from O, N and S(O),, in which p represents 0, 1 or 2
and wherein one or more carbon atoms of said alkyl group are
optionally replaced by carbonyl and which alkyl group may
optionally be substituted by one or more halogen atoms;
X, X,, X5, X, and X independently represent C or N, and in
the case of any of these groups representing N the attached
substituent is absent;

with the proviso that where R, R, R, and R, all represent H
and X, X,, X5, X, and X, all represent C, then R, cannot
represent OH;

including any tautomer thereof; or an isomer thereof in which
the C—C bond at the C26, 27 position C—C (by reference to
the structure of sanglifehrin A) shown as trans is cis; and
including a methanol adduct thereof in which a ketal is
formed by the combination of the C-53 keto and the C-15
hydroxyl group and methanol.

The above structure shows a representative tautomer and
the invention embraces all tautomers of the compounds of
formula (I) for example keto compounds where enol com-
pounds are illustrated and vice versa.

Specific tautomers that are included within the definition of
formula (I) are those in which (i) the C-53 keto group forms
a hemiketal with the C-15 hydroxyl, or (ii) the C-15 and C-17
hydroxyl can combine with the C-53 keto to form a ketal. All
numberings use the system for the parent sanglifehrin A
structure.

DEFINITIONS

The articles “a” and “an” are used herein to refer to one or
to more than one (i.e. at least one) of the grammatical objects
of the article. By way of example “an analogue” means one
analogue or more than one analogue.

As used herein the term “analogue(s)” refers to chemical
compounds that are structurally similar to another but which
differ slightly in composition (as in the replacement of one
atom by another or in the presence or absence of a particular
functional group).

Asused herein the term “inflammatory disorders” refers to
the list of disorders caused by inflammation, including, but
not limited to Acne vulgaris, Atherosclerosis, Asthma, Auto-

40
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mimmune diseases (such as Acute Disseminated Encephalo-
myelitis (ADEM), Addison’s Disease, Alopecia Areata,
Ankylosing Spondylitis, Antiphospholipid Antibody Syn-
drome (APS), Autoimmune Hemolytic Anemia, Autoim-
mune Hepatitis, Autoimmune Inner Ear Disease, Bullous
Pemphigoid, Coeliac Disease, Chagas Disease, Chronic
Obstructive Pulmonary Disease (COPD), Crohn’s Disease,
Dermatomyositis, Diabetes Mellitus Type 1, Endometriosis,
Goodpasture’s Syndrome, Graves” Disease, Guillain-Barré
Syndrome, Hashimoto’s Disease, Hidradenitis Suppurativa,
Kawasaki Disease, IgA Nephropathy, Idiopathic Thrombocy-
topenic Purpura, Interstitial Cystitis, Lupus Erythematosus,
Mixed Connective Tissue Disease, Morphea, Multiple scle-
rosis (MS), Myasthenia Gravis, Narcolepsy, Neuromyotonia,
Pemphigus Vulgaris, Pernicious Anaemia, Psoriasis, Psori-
atic Arthritis, Polymyositis, Primary Biliary Cirrhosis, Rheu-
matoid Arthritis, Schizophrenia, Scleroderma, Sjogren’s
Syndrome, Stiff Person Syndrome, Temporal Arteritis, Ulcer-
ative Colitis, Vasculitis, Vitiligo, Wegener’s Granulomato-
sis), Inflammatory Bowel disease, Pelvic inflammatory dis-
ease, Rheumatoid arthritis and transplant rejection.

As used herein the term “sanglifehrin(s)” refers to chemi-
cal compounds that are structurally similar to sanglifehrin A
but which differ slightly in composition (as in the replace-
ment of one atom by another or in the presence or absence of
a particular functional group), in particular those generated
by fermentation of Strepromyces sp. A92-308110. Examples
include the sanglifehrin-like compounds discussed in WO97/
02285 and WO98/07743, such as sanglifehrin B.

As used herein the term “mutasynthetic sanglifehrin(s)” or
“mutasynthetic sanglifehrin analogue(s)” refers to chemical
compounds that are structurally similar to sanglifehrin A, B,
C or D but which differ slightly in composition (as in the
replacement of one or more atom by another or in the pres-
ence or absence of a particular functional group), in particu-
lar, those generated by fermentation of Streptomyces sp. A92-
308110 or a mutant thereof, where the culture is fed with a
meta-tyrosine analogue.

Asused herein the term “meta-tyrosine analogue(s)” refers
to chemical compounds that are structurally similar to meta-
tyrosine but which differ slightly in composition (as in the
replacement of one or more atom by another or in the pres-
ence or absence of a particular functional group), in particu-
lar, those described in formula (III).
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Asusedherein, the term “HCV” refers to Hepatitis C Virus,
a single stranded, RNA, enveloped virus in the viral family
Flaviviridae.

As used herein, the term “HIV” refers to Human Immuno-
deficiency Virus, the causative agent of Human Acquired
Immune Deficiency Syndrome.

As used herein, the term “bioavailability” refers to the
degree to which or rate at which a drug or other substance is
absorbed or becomes available at the site of biological activity
after administration. This property is dependent upon a num-
ber of factors including the solubility of the compound, rate of
absorption in the gut, the extent of protein binding and
metabolism etc. Various tests for bioavailability that would be
familiar to a person of skill in the art are described herein (see
also Egorin et al. 2002).

The term “water solubility” as used in this application
refers to solubility in aqueous media, e.g. phosphate buffered
saline (PBS) at pH 7.4, or in 5% glucose solution. Tests for
water solubility are given below in the Examples as “water
solubility assay”.

The pharmaceutically acceptable salts of compounds of the
invention such as the compounds of formula (I) include con-
ventional salts formed from pharmaceutically acceptable
inorganic or organic acids or bases as well as quaternary
ammonium acid addition salts. More specific examples of
suitable acid salts include hydrochloric, hydrobromic, sulfu-
ric, phosphoric, nitric, perchloric, fumaric, acetic, propionic,
succinic, glycolic, formic, lactic, maleic, tartaric, citric, pal-
moic, malonic, hydroxymaleic, phenylacetic, glutamic, ben-
zoic, salicylic, fumaric, toluenesulfonic, methanesulfonic,
naphthalene-2-sulfonic, benzenesulfonic hydroxynaphthoic,
hydroiodic, malic, steroic, tannic and the like. Hydrochloric
acid salts are of particular interest. Other acids such as oxalic,
while not in themselves pharmaceutically acceptable, may be
useful in the preparation of salts useful as intermediates in
obtaining the compounds of the invention and their pharma-
ceutically acceptable salts. More specific examples of suit-
able basic salts include sodium, lithium, potassium, magne-
sium, aluminium, calcium, zinc, N,N'-
dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, N-methylglucamine and
procaine salts. References hereinafter to a compound accord-
ing to the invention include both compounds of formula (I)
and their pharmaceutically acceptable salts.

Asused herein, the term “alkyl” represents a straight chain
or branched alkyl group. Exemplary alkyl is C, 4 alkyl eg
C, alkyl.

“Alkenyl” refers to an alkyl group containing two or more
carbons which is unsaturated with one or more double bonds.

Examples of alkyl groups include C,_, alkyl groups such as
methyl, ethyl, n-propyl, i-propyl, and n-butyl. Examples of
alkenyl groups include C, ,alkenyl groups such as
—CH—CH, and —CH,CH—CH,.

The term “treatment” includes prophylactic as well as
therapeutic treatment.

FIGURE LEGEND

FIG. 1: compound structures and sanglifehrin A number-
ing system
FIG. 2: "H NMR of compound 14
FIG. 3: '"H NMR of compound 15
FIG. 4: "H NMR of compound 16
FIG. 5: *H NMR of compound 17
FIG. 6: "H NMR of compound 18
FIG. 7: "H NMR of compound 19
FIG. 8: 'H NMR of compound 20

DESCRIPTION OF THE INVENTION

The present invention provides mutasynthetic sanglifehrin
analogues, as set out above, methods for preparation of these
compounds and methods for the use of these compounds in
medicine.
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In one embodiment, the compound is a methanol adduct
thereof in which a ketal is formed by the combination of the
C-53 keto and the C-15 hydroxyl groups and methanol. In
another embodiment it is not.

In certain embodiments a carbon atom of the C,_,alkyl
group (e.g. C,_qalkyl group) thatoneormoreofR;,R,,R;, R,
and R may represent is replaced by a heteroatom.

If —CHj; is replaced by N, the group formed is —NH,. If
—CH,— is replaced by N, the group formed is —NH—. If
—CHR— is replaced by N the group formed is —NR—.
Hence nitrogen atoms within R, R,, R, R, and Ry may be
primary, secondary or tertiary nitrogen atoms.

If —CHj; is replaced by 0, the group formed is —OH.

When a carbon atom of the C, _; jalkyl group (e.g. C, salkyl
group) that one or more of R}, R, R;, R, and R may repre-
sent is replaced by a heteroatom, it is suitably replaced by O,
S or N, especially N or O particularly O.

When any one of R}, R,, R;, R, and R, contains a group
S(0),, variable p suitably represents 0 or 1. In one embodi-
ment p represents 0. In another embodiment p represents 1. In
another embodiment p represents 2.

Whena C,_,,alkyl group (e.g. C, salkyl group) that one or
more of R, R, R;, R, and R may represent contains more
than one heteroatom, these should typically be separated by
two or more carbon atoms.

Suitably, a carbon atom of a C,_jjalkyl group (e.g.
C, _salkyl group) that one or more of R, R,, R;, R, and R,
may represent is not replaced by any heteroatom or else
represents OH or NH,.

When a carbon atom of the C, _; jalkyl group (e.g. C, salkyl
group) that one or more of R}, R, R;, R, and R may repre-
sent is replaced by a carbonyl, the carbonyl is suitably located
adjacent to another carbon atom or a nitrogen atom. Suitably
carbonyl groups are not located adjacent to sulfur or oxygen
atoms.

For example one or more of R, R,, R;, R, and R5 may
represent —COC, ;alkyl e.g. —COMe.

Suitably a carbon atom of the C,_,,alkyl (e.g. C,_salkyl)
group that one ormore of R, R, R;, R, and R may represent
is not replaced by a carbonyl.

The C,_jalkyl group (e.g. C,_salkyl group) that one or
more of R, R,, R, R, and R may represent may be substi-
tuted by one or more halogen atoms. For example one or more
ofR,, R,, R;, R, and R may represent —CF ;. Alternatively
one ormore of R, R,, R;, R, and Ry may represent C, | jalkyl
(e.g. C, salkyl) substituted by one or more (eg one) Cl or F
atom (eg —CH,CH,CI).

Suitably a C,_;,alkyl group (e.g. C, salkyl group) of R,
R,, R;, R, or Ry is not substituted by halogen.

When one or more of R, R,, R;, R, and Ry group(s)
represent a C, | jalkyl group (e.g. C, salkyl group) suitably
the group(s) represent C,_, alkyl (e.g. C,, alkyl such as
methyl).

In an embodiment, one or more of R, R,, R;, R, and R5
represent C, . alkyl (such as C, _, alkyl) or C,_jalkenyl e.g.
one or more of R, R,, R;, R, and R, represent methyl.

Suitably R, represents H, F, Cl, CF;, OH or C,_calkyl (e.g.
methyl). Most suitably, R, represents H or F, especially H.

Suitably R, represents H, F, Cl, CF,, OH,NH, or C, _alkyl
(e.g. methyl). More suitably, R, represents H, F, OH or NH,,
especially OH.
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Suitably R, represents H, F, Cl, CF;, OH or C,_galkyl (e.g.
methyl). More suitably, R, represents H, Me or F. R; may also
represent ethyl.

Suitably R, represents H, F, Cl, CF;, OH or C,_alkyl (e.g.
methyl). More suitably, R, represents H or F.

Suitably R represents H, F, Cl, CF;, OH or C,_alkyl (e.g.
methyl). More suitably, R represents H or F

Suitably one or more, more suitably two or more (for
example three or more) of R, R,, R;, R, or R5 do not repre-
sent H.

Suitably one or more, for example two or more of R;, R,,
R;, R, or R; represent F. Suitably R; or R, or R; and R,
represent F. In another embodiment R, and R, represent F.

HO,

10
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In one embodiment X, represents N (therefore R, is
absent). In another more preferable embodiment X, repre-
sents C.

Suitably X, represents C.

Suitably X, represents C.

Suitably X, represents C.

Suitably X represents C.

In one embodiment the compound is a compound of for-
mula (I). In another embodiment the compound is a com-
pound of formula (II).

In a suitable embodiment of the invention, R represents H,
R, represents OH, R, represents H, R, represents F, R, rep-
resents H and X, X,, X5, X, and X, represent C as repre-
sented by the following structure:

HO

In a suitable embodiment of the invention, R represents H,
R, represents OH, R, represents F, R, represents F, R repre-
sents Hand X |, X, X, X, and X represent C as represented
by the following structure:

HO
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In a suitable embodiment of the invention, R represents H, resents H and X, X,, X5, X, and X, represent C as repre-
R, represents OH, R, represents F, R, represents H, R, rep- sented by the following structure:

HO,

HO

In a suitable embodiment of the invention, R represents H,
R, represents OH, R; represents Me, R, represents H, Ry
represents H and X, X, X, X, and X represent C as rep-
resented by the following structure:

HO,

HO

45

In a suitable embodiment of the invention, R represents H,
R, represents H, R, represents H, R, represents H, R repre-
sents Hand X |, X, X, X, and X represent C as represented
by the following structure:

HO,
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In a suitable embodiment of the invention, R represents H, represents H and X, X,, X5, X, and X represent C as rep-
R, represents NH,, R; represents H, R, represents H, Rs resented by the following structure:

HO,

H,N

In a suitable embodiment of the invention, R represents H,
R, represents F, R; represents H, R, represents H, R repre-
sents Hand X, X,, X;, X, and X, represent C as represented
by the following structure:

HO,

4 Inasuitable embodiment of the invention, R, represents H,

R, represents OH, R, represents H, R, represents F, R, rep-
resents H, X, represents N and X,, X5, X, and X represent C
as represented by the following structure:

HO,

H
N.
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which can also be represented as:

In a suitable embodiment of the invention, R, represents H,
R, represents OH, R, represents H, R, represents F, R rep-
resents H and X, X,, X;, X, and X, represent C as repre-
sented by the following structure:

HO

F

In a suitable embodiment of the invention, R represents H, *
R, represents OH, R, represents F, R, represents F, R repre-
sents Hand X, X,, X;, X, and X, represent C as represented
by the following structure:
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In a suitable embodiment of the invention, R represents H, resents H and X, X,, X5, X, and X, represent C as repre-
R, represents OH, R, represents F, R, represents H, R, rep- sented by the following structure:

In a suitable embodiment of the invention, R represents H,
R, represents OH, R, represents Me, R, represents H, Ry
represents H and X, X,, X5, X, and X represent C as rep-
resented by the following structure:

In a suitable embodiment of the invention, R represents H,
R, represents H, R, represents H, R, represents H, R repre-
sents Hand X, X,, X;, X, and X, represent C as represented
by the following structure:
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In a suitable embodiment of the invention, R represents H, represents H and X, X,, X5, X, and X represent C as rep-
R, represents NH,, R; represents H, R, represents H, Rs resented by the following structure:

In a suitable embodiment of the invention, R represents H,
R, represents F, R, represents H, R, represents H, R; repre-
sents Hand X, X,, X;, X, and X, represent C as represented
by the following structure:

In a suitable embodiment of the invention, R represents H,

= R, represents OH, R, represents Et, R, represents H, R rep-

resents H and X, X,, X;, X, and X, represent C as repre-
sented by the following structure:
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In a suitable embodiment of the invention, R represents F, resents H and X, X,, X5, X, and X, represent C as repre-
R, represents OH, R; represents F, R, represents H, R rep- sented by the following structure:

In a suitable embodiment of the invention, R represents H,

3 R, represents OH, R, represents H, R, represents F, R, rep-
resents H, X, represents N and X, X, X, and X, represent C

as represented by the following structure:

H
N

which can also be represented as:

HO J \
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In some embodiments the double bond at the C26,27 posi-
tion (by reference to the structure of sanglifehrin A) may be in
the cis form instead of the trans form.

In general, the compounds of the invention are prepared by
mutasynthesis.

In general, a process for preparing certain compounds of
formula (I) or (II) or a pharmaceutically acceptable salt
thereof comprises:

Inoculating a fermentation broth with a culture of a san-
glifehrin  producer (such as Strepromyces  sp.
A92-308110 (also known as DSM 9954) or more pref-
erably, a sanglifehrin producer with the sfaA gene or
sfaA gene homologue inactivated or deleted;

Feeding the fermentation broth with an meta-tyrosine ana-
logue (as shown in formula (II1))

Allowing fermentation to continue until sanglifehrin ana-
logues are produced

Extracting and isolating the sanglifehrin analogue

Formula (III)
Ry

R, X, COR;
RSN
Il

X3, X5 NH,
R 0N )|<4/
R4

Rs

where R, represents H or an ester forming group such as an
alkyl group, e.g.C, alkyl such as Me.

Suitable X, X,, X5, X,, X5, R, R,, R5, R, and Ry groups
in Formula (III) are as defined for compounds of formula (I)
and (II).

The feed may be racemic or the L-form of a compound of
formula (I11).

Compounds of formula (III) are either commercially avail-
able or prepared by standard organic synthetic chemistry
techniques. One generic route to compounds of formula (I1T)
is as shown in the following scheme 1:

Scheme 1:
Ry (¢]
|
Ro Xy
xS H
[
3 NS
R3/ \)|<4/ \RS
Ry
v
Ry
R )l( COzR
2 1 287
\Xz/ W .
)l(l X NHPG
3 N5
R3/ \)|<4/ \RS
Ry
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-continued
Ry
R )l( COsR-
2 1 207
\Xz/ X
Il
Xs. _Xs NH,

No7UON
1 )|<4 Rs

Ry

I
a) coupling aldehyde of formula (IV) with suitable fragment, ¢.g.
(R70),P(O)CH(NHPG)CO,R7, b) hydrogenation and deprotection as necessary.
PG = protecting group.

Aldehydes of formula (IV) may be commercially available
or readily synthesised by one skilled in the art. Protection and
deprotection chemistry may need to be employed in generat-
ing compounds of formula (III) from compounds of formula
(IV). These techniques are known to one skilled in the art and
suitable protecting groups are described in Greene’s Protec-
tive Groups in Organic Synthesis (Wuts and Greene, 4% Edi-
tion, 2007)

In addition to the specific methods and references provided
herein a person of skill in the art may also consult standard
textbook references for synthetic methods, including, but not
limited to Vogel’s Textbook of Practical Organic Chemistry
(Furniss et al., 1989) and March’s Advanced Organic Chem-
istry (Smith and March, 2001).

A mutasynthetic sanglifehrin analogue according to the
invention may be administered alone or in combination with
other therapeutic agents. Co-administration of two (or more)
agents may allow for lower doses of each to be used, thereby
reducing side effect, can lead to improved potency and there-
fore higher SVR, and a reduction in resistance.

Therefore in one embodiment, the mutasynthetic sanglife-
hrin analogue is co-administered with one or more therapeu-
tic agent/s for the treatment of HCV infection, taken from the
standard of care treatments. This could be an interferon (e.g.
pIFNa and/or ribavirin).

In an alternative embodiment, a mutasynthetic sanglifehrin
analogue is co-administered with one or more other anti-viral
agents, such as a STAT-C/DAA (specifically targeted agent
for treatment of HCV), which could be one or more of the
following: Non-nucleoside Polymerase inhibitors (e.g.
IDX375, VCH-222, BI 207127, ANAS598, VCH-916),
Nucleoside or nucleotide polymerase inhibitors (e.g. 2'-C-
methylcytidine, 2'-C-methyladenosine, R1479, PSI-6130,
R7128, R1626), Protease inhibitors (e.g. BILN-2061,
VX-950(Telaprevir), SCH503034(Boceprevir),
TMC435350, MK-7009, R7227/ITMN-191, EA-058,
EA-063) or viral entry inhibitors (e.g. PRO 206).

The formulations may conveniently be presented in unit
dosage form and may be prepared by any of the methods well
known in the art of pharmacy. Such methods include the step
of bringing into association the active ingredient (compound
of the invention) with the carrier which constitutes one or
more accessory ingredients. In general the formulations are
prepared by uniformly and intimately bringing into associa-
tion the active ingredient with liquid carriers or finely divided
solid carriers or both, and then, if necessary, shaping the
product.

The compounds of the invention will normally be admin-
istered orally in the form of a pharmaceutical formulation
comprising the active ingredient, optionally in the form of a
non-toxic organic, or inorganic, acid, or base, addition salt, in
apharmaceutically acceptable dosage form. Depending upon
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the disorder and patient to be treated, as well as the route of
administration, the compositions may be administered at
varying doses.

For example, the compounds of the invention can be
administered orally, buccally or sublingually in the form of
tablets, capsules, ovules, elixirs, solutions or suspensions,
which may contain flavouring or colouring agents, for imme-
diate-, delayed- or controlled-release applications.

Such tablets may contain excipients such as microcrystal-
line cellulose, lactose, sodium citrate, calcium carbonate,
dibasic calcium phosphate and glycine, disintegrants such as
starch (preferably corn, potato or tapioca starch), sodium
starch glycollate, croscarmellose sodium and certain com-
plex silicates, and granulation binders such as polyvinylpyr-
rolidone, hydroxypropylmethylcellulose (HPMC), hydroxy-
propylcellulose (HPC), sucrose, gelatin and acacia.
Additionally, lubricating agents such as magnesium stearate,
stearic acid, glyceryl behenate and talc may be included.

Solid compositions of a similar type may also be employed
as fillers in gelatin capsules. Preferred excipients in this
regard include lactose, starch, a cellulose, milk sugar or high
molecular weight polyethylene glycols. For aqueous suspen-
sions and/or elixirs, the compounds of the invention may be
combined with various sweetening or flavouring agents,
colouring matter or dyes, with emulsifying and/or suspending
agents and with diluents such as water, ethanol, propylene
glycol and glycerin, and combinations thereof.

Atablet may be made by compression or moulding, option-
ally with one or more accessory ingredients. Compressed
tablets may be prepared by compressing in a suitable machine
the active ingredient in a free-flowing form such as a powder
or granules, optionally mixed with a binder (e.g. povidone,
gelatin, hydroxypropylmethyl cellulose), lubricant, inert
diluent, preservative, disintegrant (e.g. sodium starch glyco-
late, cross-linked povidone, cross-linked sodium carboxym-
ethyl cellulose), surface-active or dispersing agent. Moulded
tablets may be made by moulding in a suitable machine a
mixture of the powdered compound moistened with an inert
liquid diluent. The tablets may optionally be coated or scored
and may be formulated so as to provide slow or controlled
release of the active ingredient therein using, for example,
hydroxypropylmethylcellulose in varying proportions to pro-
vide desired release profile.

Formulations in accordance with the present invention
suitable for oral administration may be presented as discrete
units such as capsules, cachets or tablets, each containing a
predetermined amount of the active ingredient; as a powder or
granules; as a solution or a suspension in an aqueous liquid or
anon-aqueous liquid; or as an oil-in-water liquid emulsion or
awater-in-oil liquid emulsion. The active ingredient may also
be presented as a bolus, electuary or paste.

It should be understood that in addition to the ingredients
particularly mentioned above the formulations of this inven-
tion may include other agents conventional in the art having
regard to the type of formulation in question, for example
those suitable for oral administration may include flavouring
agents.

Advantageously, agents such as preservatives and buffer-
ing agents can be dissolved in the vehicle. To enhance the
stability, the composition can be frozen after filling into the
vial and the water removed under vacuum. The dry lyo-
philized powder is then sealed in the vial and an accompany-
ing vial of water for injection may be supplied to reconstitute
the liquid prior to use.

The dosage to be administered of a compound of the inven-
tion will vary according to the particular compound, the dis-
ease involved, the subject, and the nature and severity of the
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disease and the physical condition of the subject, and the
selected route of administration. The appropriate dosage can
be readily determined by a person skilled in the art.

The compositions may contain from 0.1% by weight, pref-
erably from 5-60%, more preferably from 10-30% by weight,
of a compound of invention, depending on the method of
administration.

It will be recognized by one of skill in the art that the
optimal quantity and spacing of individual dosages of a com-
pound of the invention will be determined by the nature and
extent of the condition being treated, the form, route and site
of' administration, and the age and condition of the particular
subject being treated, and that a physician will ultimately
determine appropriate dosages to be used. This dosage may
be repeated as often as appropriate. If side effects develop the
amount and/or frequency of the dosage can be altered or
reduced, in accordance with normal clinical practice.

Further aspects of the invention include:

A compound according to the invention for use as a phar-
maceutical;

A compound according to the invention for use as a phar-
maceutical for the treatment of viral infections (espe-
cially RNA virus infections) such as HCV or HIV infec-
tion, for use as an anti-inflammatory or for prophylaxis
of organ transplant rejection;

A pharmaceutical composition comprising a compound
according to the invention together with a pharmaceuti-
cally acceptable diluent or carrier;

A pharmaceutical composition comprising a compound
according to the invention together with a pharmaceuti-
cally acceptable diluent or carrier further comprising a
second or subsequent active ingredient, especially an
active ingredient indicated for the treatment of viral
infections such as HCV or HIV infection, for use as an
anti-inflammatory or for prophylaxis of organ transplant
rejection;

A method of treatment of viral infections (especially RNA
virus infections) such as HCV or HIV infection, for use
as an anti-inflammatory or for prophylaxis of organ
transplant rejection which comprises administering to a
subject a therapeutically effective amount of a com-
pound according to the invention;

Use of a compound according to the invention for the
manufacture of a medicament for the treatment of viral
infections such as HCV or HIV infection, for use as an
anti-inflammatory or for prophylaxis of organ transplant
rejection.

A process for producing a mutasynthetic sanglifehrin (such
as a compound of formula (I) or (II)) which comprises
feeding a sanglifehrin producing bacterium, such as a
Streptomyces sp (eg A92-308110), a compound of for-
mula (III) or a salt thereof, and culturing the bacterium
such that a mutasynthetic sanglifehrin is produced.

A process according to the previous paragraph wherein the
sanglifehrin producing bacterium is a Streptomyces sp in
which the sfaA gene or sfaA gene homologue is inacti-
vated or deleted.

A process according to the previous two paragraphs further
comprising the step of isolating the mutasynthetic san-
glifehrin.

Novel compounds of formula (III) (such as those listed in
Table 1 and the acids and esters of any of the compounds of
formula (III) listed in Table 1) and (IV) including their salts
and esters also form an aspect of the invention.
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General Methods

Materials and Methods
Bacterial Strains and Growth Conditions

The sanglifehrin producer Streptomyces sp. A92-308110
(DSM no 9954, purchased from DSMZ, Braunschweig, Ger-
many) also termed BIOT-4253 and BIOT-4370 or its deriva-
tives, such as BIOT-4585 are maintained on medium oatmeal
agar, MAM, ISP4 or ISP2 (see below) at 28° C.

pKC1139, a standard Strepromyces-Ecoli shuttle plasmid,
was obtained from the John Innes Centre, UK, and is
described in Bierman et al., 1992 and Kieser et al., 2000.

BIOT-4585 was grown on oatmeal agar at 28° C. for 7-10
days. Spores from the surface of the agar plate were collected
into 20% w/v sterile glycerol in distilled water and stored in
0.5 ml aliquots at —80° C. Frozen spore stock was used for
inoculating seed media SGS or SM25-3. The inoculated seed
medium was incubated with shaking between 200 and 300
rpm at 5.0 or 2.5 cm throw at 27° C. for 24 hours. The
fermentation medium SGP-2 or BT6 were inoculated with
2.5%-10% of the seed culture and incubated with shaking
between 200 and 300 rpm with a 5 or 2.5 cm throw at 24° C.
for 4-5 days. The culture was then harvested for extraction.
Meta-Tyrosine Analogues

Methyl (25)-2-amino-3-(6-hydroxy(2-pyridyl))pro-
panoate, [.-3-aminophenylalanine methyl ester, [.-4-methyl-
meta-tyrosine methyl ester, L.-4-fluoro-meta-tyrosine methyl

ester and [.-4,5-difluoro-meta-tyrosine methyl ester were pur-
chased from Netchem (USA).

DL-3-fluorophenylalanine and L-phenylalanine were pur-
chased from Sigma (UK).

DL-meta-tyrosine was purchased from Fluorochem (UK).

L-meta-tyrosine was purchased from Alfa Aesar (UK).

DL-4-fluorometa-tyrosine (8), DL-5-fluorometa-tyrosine
(9), methyl 2-amino-3-(3-fluoro-5-hydroxyphenyl)pro-
panoate (10), methyl 2-amino-3-(2-fluoro-5-hydroxyphenyl)
propanoate (11), methyl 2-amino-3-(2-fluoro-3-hydroxyphe-
nyl)propanoate (12) and methyl 2-amino-3-(2,6-difluoro-3-
hydroxyphenyl)propanoate (13) were synthesised as follows:

DL-4-Fluoro Meta-Tyrosine (8)

o CHO
/
BBI‘3
—_—
F
81
HO CHO
BnBr
—_—
F
82
Bn/o CHO BZNHCH,CO,H
NaOAc, Ac,O
—_ =
F
8-3
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-continued
O
P N MeOH
Bn NaOAc
O —_—
N
F
Ph
84
0 COMe
Bn/ \
H,, Pd/C
NHCOPh —_—
F
8-5
HO CO,Me
H', b0
NHCOPh -
F
8-6
HO CO,H
NH,
F

To a solution of 8-1 (3 g, 19.5 mmol) in dry DCM (150 mL)
was added dropwise BBr; (4 M in DCM, 14.6 ml, 58.5 mmol)
at =70° C. After the addition, the reaction mixture was stirred
at =20° C. for 3 h, ice-water was added carefully, and
extracted with DCM. The organic layers were washed with
water and brine, dried over Na,SO,, filtered and concen-
trated. The residue was purified by flash chromatographed on
silica to give the desired compound 8-2.

To a solution of 8-2 (0.9 g, 6.4 mmol) in acetone (40 mL)
was added K,COj, (2.2 g, 16 mmol) at room temperature. The
reaction mixture was stirred at room temperature overnight.
Water was added and acetone was removed under vacuum,
and then extracted with EtOAc, the organic layers were
washed with water and brine, dried over Na,SO,, filtered and
concentrated. The residue was purified by flash chromato-
graphed on silica to give the desired compound 8-3.

A mixture of 8-3 (1 g, 4.34 mmol), hippuric acid (860 mg,
4.80 mmol), NaOAc (400 mg) and Ac,O (2.2 mL.) was stirred
at80° C. for 2 h. The yellow reaction mixture was cooled and
cold EtOH (10 mL) was added, the mixture was cooled in an
ice bath for 15 min and then was poured into 30 mL of ice
water, chilled and the product was collected by filtration. The
solid was dried in vacuo to yield 8-4.

A solution of 8-4 (300 mg, 0.8 mmol) and NaOAc (71 mg,
0.87 mmol) in MeOH (50 mL) was stirred at room tempera-
ture overnight. The solvent was removed by rotary evapora-
tion and the reside was dissolved in 50 mL of EtOAc, the
EtOAc solution was washed two times with water and con-
centrated to give 8-5.

A solution of 8-5 (360 mg, 0.89 mmol) in MeOH (50 mL)
was hydrogenated over 10% Pd/C (77 mg) at normal pressure
for 20 h. After removal of the catalyst by filtration, the solvent
was evaporated to give the product 8-6.
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A solution of 8-6 (210 mg) in 3 N HCI (10 mL) was
refluxed for 24 h. the solution was concentrated to dryness
and the residue was purified by reverse-combiflash to give the
target product 8.

DL-5-fluoro meta-tyrosine (9) and methyl 2-amine-
3-(3-fluoro-5-hydroxyphenyl)propanoate (10)

O Br
/
BuLi/THF
DMF/THF
—_—
F
9-1
O CHO
/
BBr3/DCM
—_—
9-2
(¢] (0]
OMe
NHCbz
DBU/CH,Cl,
F
9-3
HO CO,Me
x
NHCbz H,, Pd/C
B —
F
9-4
HO CO;Me
NI, aq. NaOH
EtOH
F
10
HO CO,H
NH,
F
9

To a solution of 9-1 (20 g, 97.55 mmol) in tetrahydrofuran
(100 mL) was added dropwise n-butyl lithium (43 mL,, 2.5 M,
107.3 mmol) at -78° C. It was stirred for 30 minutes and
N,N-dimethylformamide (15.1 mL, 195.1 mmol) was added
at this temperature. It was stirred for another 30 minutes and
the cold bath was removed. After 1 hour, the reaction was
quenched with saturated aqueous ammonium chloride. The
organic layer was washed with water and saturated aqueous
sodium chloride, dried (sodium sulfate), filtered and concen-
trated. The residue was purified by chromatography on silica
to give 9-2.

To asolution 0f 9-2 (6 g, 38.9 mmol) in dry DCM (200 mL.)
was added dropwise BBr; (4 M in DCM, 30 ml, 116.8 mmol)
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at =70° C. After the addition, the reaction mixture was stirred
at —=20° C. for 3 hours, ice-water was added carefully, and
extracted with DCM. The organic layers were washed with
water and brine, dried over Na,SO,, filtered and concen-
trated. The residue was purified by flash chromatographed on
silica to give the desired compound 9-3.

To a solution of methyl 2-(benzyloxycarbonylamino)-2-
(dimethoxyphosphoryl)acetate (4.64 g, 14 mmol) in DCM
(150 mL) was added DBU (4.26 g, 28 mmol) at room tem-
perature. After 10 min, 9-3 (1.95 g, 14 mmol) was added and
the resulting mixture was stirred at room temperature over-
night. The solution was diluted with EtOAc (150 mL), sepa-
rated and the organic layer was washed with 1 N HCI, dried
over Na,SO,, filtered and concentrated. The residue was puri-
fied by flash chromatography on silica to give 9-4.

A solution of 9-4 (1 g) in MeOH (20 mL) was hydroge-
nated over 200 mg of 10% Pd/C at normal pressure overnight.
After removal of the catalyst by filtration, the solvent was
evaporated to give 10.

To a solution of 10 (300 mg, 1.4 mmol) in EtOH (30 mL)
was added aq. NaOH (2 N, 4 mL), the reaction was stirred at
room temperature for 30 minutes. The solvent was removed
and the residue was neutralized to pH=6 with 2 N HCl and the
white crystals that formed were collected by filtration to give

the target compound 9.
methyl
2-amino-3-(2-fluoro-5-hydroxyphenyl)propanoate
(1D
O CHO
P
BBr3
[ e—
CHyCls
F
11-1
(€] (€]
(MeO),P.
HO CHO OMe

NHCbz

F DRU/CH,Cl,

11-2
HO CO,Me
x
PJ/C, H,
NHCbz E——
F
11-3
HO CO>Me
NH,
F

11

To a solution of the compound 11-1 (1.4 g, 9 mmol) in 50
ml, DCM was added dropwise BBr; (4M in DCM, 3.6 mL,,
13.5 mmol) at —78° C. After the addition, the reaction was
stirred at —20° C. for 4 hours. Then slow addition of ice/water,
the layers was separated, the organic layers was washed with
water and brine, dried over Na,SO, and evaporated to dry-
ness. The residue was used to next step without further puri-
fication.

To a solution of methyl 2-(benzyloxycarbonylamino)-2-
(dimethoxyphosphoryl)acetate (3 g, 9 mmol) in 100 mL
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DCM was added DBU (2.8 g, 18 mmol) at room temperature,
after 10 mins, the compound 11-2 (crude compound from last
step) was added, stirred at room temperature for 2 hours. The
solution was then diluted with DCM (50 mL), washed with
1IN HCI (20 mL), dried over Na,SO, and evaporated to dry-
ness. The residue was purified by silica gel chromatography
(petroleum ether/ethyl acetate=5/1) to give 11-3.

A mixture of the compound 11-3 (500 mg, 1.5 mmol) in
MeOH (20 ml.) was hydrogenated over 50 mg of 10% Pd/C
at normal pressure overnight. After removal of the catalyst by
filtration, the solvent was evaporated to get the crude product,

which was purified by reverse-combiflash to get 11 as a white
solid.

methyl
2-amino-3-(2-fluoro-3-hydroxyphenyl)propanoate

(12)

A BBr3;

0 CHO  Gon™
F
12-1
(€] (€]
(MeO),P.
OMe
HO CHO NHCbz
DBU/CH,Cl,
F
12-2
NHCbz
z CO,Me Pd/C, H,
HO E—
F
12-3
CO,Me
HO NH,
F
12

To a solution of the compound 12-1 (1.4 g, 9 mmol) in 50
ml, DCM was added dropwise BBr; (4M in DCM, 3.6 mL,,
13.5 mmol) at —78° C. After the addition, the reaction was
stirred at —20° C. for 4 hours. After slow addition of ice/water,
the layers were separated, the organic layer was washed with
water and brine, dried over Na,SO, and evaporated to dry-
ness. The residue was used to next step without further puri-
fication.

To a solution of methyl 2-(benzyloxycarbonylamino)-2-
(dimethoxyphosphoryl)acetate (3 g, 9 mmol) in 100 mL
DCM was added DBU (2.7 mL, 18 mmol) at room tempera-
ture, after 10 mins, the compound 12-2 (crude compound
from last step) was added, stirred at room temperature for 2
hours. The solution was then diluted with DCM (100 mL),
washed with 1IN HC1 (30 mL), dried over Na,SO, and evapo-
rated to dryness. The residue was purified by silica gel chro-
matography (petroleum ether/ethyl acetate=5/1) to give 12-3.

10

15

20

25

30

35

40

50

55

60

65

40
A mixture of the compound 12-3 (500 mg, 1.44 mmol) in
MeOH (10 mL) was hydrogenated over 100 mg of 10% Pd/C
at normal pressure overnight. After removal of the catalyst by
filtration, the solvent was evaporated to get the crude product,
which was purified by reverse-combiflash to get the desired
compound 12 as a white solid.

methyl
2-amino-3-(2,6-difluoro-3-hydroxyphenyl)propanoate
(13)
F Foopu,
BnBr DMF/THF
—_— —_—
HO BnO
F F
13-1
(€]
F (MeO),P
OMe
BnO CHO NHCbz
DRU/CH,Cl,
F
13-2
F
NHCbz
H,, Pd/C
BnO Z CoOMe @ ——— >
F
13-3
F
NH,

HO CO>Me

F

13

To a solution of 2,4-difluorophenol (2 g, 15.4 mmol) in 50

mL DMF was added K,CO;(3.2 g,23.1 mmol) and BnBr (2.2
ml, 18.5 mmol) at 0° C. The reaction was stirred at room
temperature for 2 hours. Water (100 mL) and EA (200 mL)
was added, the organic layers was washed with water (50 mL)
and brine (50 mL), dried over Na,SO, and evaporated to
dryness. The residue was purified by silica gel chromatogra-
phy (petroleum ether/ethyl acetate=10/1) to give the crude
13-1.

To a solution of the compound 13-1 (2 g, 9 mmol) in 10 mL,
THF was added dropwise n-Bul.i (4 mL, 2.5 M) at -78° C.
and stirred for 30 mins. DMF (1.3 g, 0.018 mmol) was added
and stirred for 30 mins again. The cold bath was then removed
and the reaction mixture was stirred at room temperature for
1 hour before being quenched with water. It was extracted
with ethyl acetate (20 mIx3), dried over Na,SO, and evapo-
rated to dryness. The residue was purified by silica gel chro-
matography (petroleum ether/ethyl acetate=10/1) to give
13-2 as a yellow solid.

To a solution of methyl 2-(benzyloxycarbonylamino)-2-
(dimethoxyphosphoryl)acetate (728 mg, 2.2 mmol) in 20 mL.
DCM was added DBU (319 mg, 2.1 mmol) at room tempera-
ture. After 10 mins, the compound 13-2 (500 mg, 2 mmol)
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was added and stirred at room temperature for 2 hours. The
solution was then diluted with DCM (50 mL), washed with
1IN HCI (20 mL), dried over Na,SO,, and evaporated to dry-
ness. The residue was purified by silica gel chromatography
(petroleum ether/ethyl acetate=5/1) to give 13-3 as a yellow
oil.

The compound 13-3 (600 mg, 1.32 mmol) in MeOH (20
ml) was hydrogenated over 60 mg of 10% Pd/C at normal
pressure overnight. After removal of the catalyst by filtration,
the solvent was evaporated to get the crude product, which
was purified by reverse-combiflash to get the desired com-
pound 13 as a white solid.

Media Recipes

Water used for preparing media was prepared using Milli-
pore Elix Analytical Grade Water Purification System

SGS Seed Medium

Ingredient (and supplier) Recipe
Glucose (Sigma, G7021) 750 g
Glycerol (Fisher scientific, G/0650/25) 750 g
yeast extract (Becton Dickinson, 212770) 135 g
malt extract (Becton Dickinson, 218630) 375 g
potato starch (soluble) (Signma, S2004) 750 g
NZ-amine A (Sigma, C0626) 250 g
toasted soy flour, Nutrisoy (ADM, 063-160) 250 g
L-asparagine (Sigma, A0884) 1.00 g
CaCOj; (Calcitec, V/408S) 0.05 g
NaCl (Fisher scientific, $/3160/65) 0.05 g
KH,PO, (Sigma, P3786) 025 g
K,HPO, (Sigma, P5379) 0.50 g
MgSO,*7H,0 (Sigma, M7774) 0.10 g
trace element solution B 1.00 mL
agar 1.00 g
SAG471 Antifoam (GE Silicones, SAG471) *0.20 mL
RO H,O0 to final vol. of **1.00 L

pre-sterilisation pH was adjusted to pH 7.0 with 10M NaOH/10M H,S0O,

sterilised by heating 121° C., 20-30 min (autoclaving)

Notes

* antifoam only used in seed fermenters, NOT seed flasks

** final volume adjusted accordingly to account for seed volume

Trace Element Solution B
Ingredient Recipe
FeSO,*7TH,0 (Sigma, F8633) 5.00 g
ZnSO,*7H,0 (Sigma, Z0251) 4.00 g
MnCl, *4H,0 (Sigma, M8530) 2.00 g
CuSO,*5H,0 (Aldrich, 20, 919-8) 020 g
(NH,)6Mo,0,, (Fisher scientific, A/5720/48) 020 g
CoCl,*6H,0 (Sigma, C2644) 0.10 g
H;BO; (Sigma, B6768) 0.10 g
KI (Alfa Aesar, A12704) 0.05 g
H,80, (95%) (Fluka, 84720) 1.00 mL
RO H,O0 to final vol. of 1.00 L
SGP2 Production Medium

Ingredient Recipe
toasted soy flour (Nutrisoy) (ADM, 063-160) 20.00 g
Glycerol (Fisher scientific, G/0650/25) 40.00 g
MES buffer (Acros, 172595000) 1952 g
SAG471 Antifoam (GE Silicones, SAG471) *0.20 mL
RO H,O0 to final vol. of **1.00 L

pre-sterilisation pH adjusted to pH 6.8 with 10M NaOH
sterilised by heating 121° C., 20-30 min (autoclaving)

Notes

*final volume adjusted accordingly to account for seed volume
**antifoam was used only in fermentors not flasks
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SM25-3 Medium

Ingredient

Glycerol (Fisher scientific, G/0650/25)
Soy Peptone A3 SC (Organotechnie)
Malt extract (Difco)

to final vol. of

o=
—_—— o0
T uQ ma oe

pre-sterilisation pH not adjusted (i.e. pH 7.0)

1ISP4 Medium

Ingredient

Soluble Starch (Difco)
K2HPO4
MgSO4+7H20

NaCl

(NH4)2504

CaCO3

ISP Trace Salts Solution
Agar

to final vol. of

—

o
=1 S SIS

= o EUQUQUQUQUQUQ

Make a paste with the starch in a small volume of cold
water and bring to volume of 500 m1
Add other ingredients to solution II in 500 mls water pH
should be between pH 7.0 and pH 7.4 (pH 7.3) Mix two
solutions together and add agar
ISP Trace Salts

Ingredient

FeSO4¢7H20
MnClI2°4H20
ZnS0O4+7H20
to final vol. of

—
—oe 0q 0a

Store at 4 degrees C.

General Fermentation Method
Cryopreserved spore stocks of BIOT-4585 were thawed at
room temperature. Vegetative cultures (seed cultures) were
prepared by transferring 4.0 mL of spore stock into 400 mL
medium SM25 in 2 L Erlenmeyer flasks with foam plug.
Cultivation was carried out for 48 hours at 27° C. and 250 rpm
(5.0 cm throw). From the seed culture 25 ml. was transferred
into 250 ml production medium SGP2+5% HP20 in 2 L
Erlenmeyer flasks with foam plug. After 24 hours cultivation
at 24° C. and 250 rpm (2.5 cm throw), 2 mL of a 250 mM
racemic or 125 mM enantiomerically pure solution of the
desired precursor in 1M hydrochloric acid and 2 m[. of a 250
mM methanolic solution of DL-piperazic acid was added to
each production flask to give a final 1 mM concentration of
the individual enantiomers of the precursors. Cultivation was
continued for further four days at 24° C. and 250 rpm (2.5 cm
throw).
Analysis of Culture Broths by LC-UV and LC-UV-MS
Culture broth (1 mL) and ethyl acetate (1 mL) is added and
mixed for 15-30 min followed by centrifugation for 10 min.
0.4 mL ofthe organic layer is collected, evaporated to dryness
and then re-dissolved in 0.20 mL of acetonitrile.
HPLC Conditions:
C18 Hyperclone BDS C18 Column 3 u, 4.6 mmx150 mm
Fitted with a Phenomenex Analytical C18 Security Guard
Cartridge (KJ0-4282)
Column temp at 50° C.
Flow rate 1 mL/min
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Monitor UV at 240 nm
Inject 20 uLL aliquot
Solvent Gradient:
0 min: 55% B
1.0 min: 55% B
6.5 min: 100% B
10.0 min: 100% B
10.05 min: 55% B
13.0 min: 55% B
Solvent A is Water+0.1% Formic Acid
Solvent B is Acetonitrile+0.1% Formic Acid
Under these conditions SfA elutes at 5.5 min
Under these conditions S{B elutes at 6.5 min

LCMS is performed on an integrated Agilent HP1100
HPLC system in combination with a Bruker Daltonics
Esquire 3000+ electrospray mass spectrometer operating in
positive ion mode using the chromatography and solvents
described above.
QC LC-MS Method

HPLC Conditions:
C18 Hyperclone BDS C18 Column 3 u, 4.6 mmx150 mm
Fitted with a Phenomenex Analytical C18 Security Guard
Cartridge (KJ0-4282)
Column temp at 50° C.
Flow rate 1 ml./min
Monitor UV at 210, 240 and 254 nm
Solvent gradient:
0 min: 10% B
2.0 min: 10% B
15 min: 100% B
17 min: 100% B
17.05 min: 10% B
20 min: 10% B
Solvent A is Water+0.1% Formic Acid
Solvent B is Acetonitrile+0.1% Formic Acid
MS Conditions:
MS operates in switching mode (switching between positive
and negative), scanning from 150 to 1500 amu.
In Vitro Analysis LC-MS Method (e.g. For Microsome Sta-
bility Assessment)
Using an API-2000, API-4000 or UPLC instrument

HPLC Conditions:
For 15: ACQUITY UPLC BEH C18 (2.1x50 mm, 1.7 pm)
Forcpds 5, 14,16, 17, 18, 19 Ultimate XB-C18 (2.1x50 mm,
5 um) Column temp at 50° C.
Flow rate 0.6 ml/min
Solvent gradient Al (e.g. for cpd 15):
0.2 min: 20% B
0.6 min: 95% B
1.1 min: 95% B
1.15 min: 20% B
1.5 min: stop
Solvent A is H,0-0.025% FA-1 mM NH,OAC
Solvent B is ACN-0.025% FA-1 mM NH,OAC
Solvent gradient A2 (e.g. for cpds 5, 14, 16, 17, 18, 19):
0.3 min: 10% B
0.8 min: 95% B
2.3 min: 95% B
2.31 min: 10% B
3.5 min: stop
Solvent A is H,0-0.1% FA
Solvent B is MeOH-0.1% FA
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negative scan mode:
MRM Setup:

transitions [Da]

21 1089.7 — 504.2

positive scan mode:

MRM Setup:

transitions [Da]
5 1090.6 — 1054.6
14 1108.9 — 1072.5
15 1126.7 = 1090.0
16 1108.8 — 1072.3
17 1104.5 — 1068.5
18 1074.6 — 1038.8

In Vitro Replicon Assay for Assessment of HCV Antiviral
Activity

Antiviral efficacy against genotype 1 HCV may be tested as
follows: One day before addition of the test article, Huh5.2
cells, containing the HCV genotype 1b 1389Iuc-ubi-neo/
NS3-3Y5.1 replicon (Vrolijk et al., 2003) and subcultured in
cell growth medium [DMEM (Cat No. 41965039) supple-
mented with 10% FCS, 1% non-essential amino acids
(11140035), 1% penicillin/streptomycin (15140148) and 2%
Geneticin (10131027); Invitrogen] at a ratio of 1.3-1.4 and
grown for 3-4 days in 75 mL tissue culture flasks (Techno
Plastic Products), were harvested and seeded in assay
medium (DMEM, 10% FCS, 1% non-essential amino acids,
1% penicillin/streptomycin) at a density of 6500 cells/well
(100 uL./well) in 96-well tissue culture microtitre plates (Fal-
con, Beckton Dickinson for evaluation of the anti-metabolic
effect and CulturPlate, Perkin Elmer for evaluation of antivi-
ral effect). The microtitre plates are incubated overnight (37°
C., 5% CO,, 95-99% relative humidity), yielding a non-con-
fluent cell monolayer.

Dilution series are prepared; each dilution series is per-
formed in at least duplicate. Following assay setup, the
microtitre plates are incubated for 72 hours (37° C., 5% CO,,
95-99% relative humidity).

For the evaluation of anti-metabolic effects, the assay
medium is aspirated, replaced with 75 ulL of a 5% MTS
(Promega) solution in phenol red-free medium and incubated
for 1.5 hours (37° C., 5% CO,, 95-99% relative humidity).
Absorbance is measured at a wavelength of 498 nm (Safire?,
Tecan) and optical densities (OD values) are converted to
percentage of untreated controls.

For the evaluation of antiviral effects, assay medium is
aspirated and the cell monolayers are washed with PBS. The
wash buffer is aspirated, 25 ul. of Glo Lysis Bufter (Cat. No.
E2661, Promega) is added after which lysis is allowed to
proceed for 5 min at room temperature. Subsequently, 50 ul,
of Luciferase Assay System (Cat. No. E1501, Promega) is
added and the luciferase luminescence signal is quantified
immediately (1000 ms integration time/well, Safire®, Tecan).
Relative luminescence units are converted to percentage of
untreated controls.

The EC50 and EC90 (values derived from the dose-re-
sponse curve) represent the concentrations at which respec-
tively 50% and 90% inhibition of viral replication would be
observed. The CC50 (value derived from the dose-response
curve) represents the concentration at which the metabolic
activity of the cells would be reduced to 50% of the metabolic



US 9,271,977 B2

45

activity of untreated cells. The selectivity index (SI), indica-
tive of the therapeutic window of the compound, is calculated
as CC4o/ECs,.

A concentration of compound is considered to elicit a
genuine antiviral effect in the HCV replicon system when, at
that particular concentration, the anti-replicon effect is above
the 70% threshold and no more than 30% reduction in meta-
bolic activity is observed.

For results see Example 12.

In Vitro Replicon Assay for Assessment of HCV Antiviral
Activity in Genotypes la and 2a

The replicon cells (subgenomic replicons of genotype la
(H77) and 2a (JFH-1)) are grown in Dulbecco’s modified
essential media (DMEM), 10% fetal bovine serum (FBS), 1%
penicillin-streptomycin (pen-strep), 1% glutamine, 1% non-
essential amino acids, 250 pug/ml G418 in a 5% CO, incubator
at 37° C. All cell culture reagents may be purchased from
Mediatech (Herndon, Va.).

The replicon cells are trypsinized and seeded at 5x10°> cells
per well in 96-well plates with the above media without G418.
On the following day, the culture medium is replaced with
DMEM containing compounds serially diluted in the pres-
ence of 5% FBS. The HCV replicon antiviral assay examines
the effects of compounds in a serial of compound dilutions.
Briefly, the cells containing the HCV replicon are seeded into
96-well plates. Test article is serially diluted with DMEM
plus 5% FBS. The diluted compound is applied to appropriate
wells in the plate. After 72 hrincubationat37° C., the cells are
processed. The intracellular RNA from each well is extracted
with an RNeasy 96 kit (Qiagen). The level of HCV RNA is
determined by a reverse transcriptase-real time PCR assay
using TagMan® One-Step RT-PCR Master Mix Reagents
(Applied Biosystems, Foster City, Calif.) and an ABI Prism
7900 sequence detection system (Applied Biosystems) a as
described previously (Vrolijk et al., 2003). The cytotoxic
effects are measured with TagMan® Ribosomal RNA Con-
trol Reagents (Applied Biosystems) as an indication of cell
numbers. The amount of the HCV RNA and ribosomal RNA
is then used to derive applicable IC,, values (concentration
inhibiting on replicon replication by 50%).

Assessment of Microsome Metabolism (Microsome Stability
Assay)

Rate of metabolism in microsomes may be tested as fol-
lows:

Mouse or human liver microsomes were diluted with buffer
C (0.1 M Potassium Phosphate bufter, 1.0 mM EDTA, pH
7.4) to a concentration of 2.5 mg/mL.. Microsomal stability
samples were then prepared by adding 50 ulL of 5 uM com-
pound spiking solution (0.5 ul. 10 mM DMSO stock solution
in 9.5 ul. ACN, added to 990 ul. Buffer C) to 50 uL of
microsomal solution (2.5 mg/ml.), 110 ulL Buffer C and
mixed well. All samples were pre-incubated for approxi-
mately 15 minutes at 37° C. Following this, the reaction was
initiated by adding 40 uL. of the NADPH solution (12.5 mM)
with gentle mixing. Aliquots (40 ul) were removed at 0, 15,
30, 45 and 60 minutes and quenched with ACN containing
internal standard (120 ul.). Protein was removed by centrifu-
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gation (4000 rpm, 15 min) and the sample plate analysed for
compound concentration by LC-MS/MS. Half-lives were
then calculated by standard methods, comparing the concen-
tration of analyte wth the amount originally present.

For results see Example 13.
Assessment of Hepatocyte Stability

Cryopreserved hepatocytes, previously stored in liquid
nitrogen are placed in a 37x1° C. shaking water bath for 2
minzx15 sec. The hepatocytes are then added to 10x volume of
pre-warmed Krebs-Henseleit bicarbonate (KHB) buffer
(2000 mg/L glucose, no calcium carbonate and sodium bicar-
bonate, Sigma), mixed gently and centrifuged at 500 rpm for
3 minutes. After centrifugation, the supernatant is carefully
removed and a 10x volume of pre-warmed KHB buffer added
to resuspend the cell pellet. This is mixed gently and centri-
fuged at 500 rpm for 3 minutes. The supernatant is then
removed and discarded. The cell viability and yield are then
determined by cell counts, and these values used to generate
human hepatocyte suspensions to the appropriate seeding
density (viable cell density=2x106 cells/mL). A 2x dosing
solution is prepared in pre-warmed KHB (1% DMSO) (200
uM spiking solution: 20 ulL of substrate stock solution (10
mM) in 980 ulL of DMSO, 2x dosing solution: 10 ul. of 200
uM spiking solution in 990 pul, of KHB (2 uM after dilution).

50 uLL of pre-warmed 2x dosing solution is added to the
wells and 50 ulL of pre-warmed hepatocyte solution (2x106
cells/mL.) added and timing started. The plate is then incu-
bated at 37° C. 100 ul. of acetonitrile containing internal
standard is added to each the wells after completion of incu-
bation time (0, 15, 30, 60 and 120 minutes) mixed gently, and
50 ul of pre-warmed hepatocyte solution added (2x106 cells/
mL). At the end of the incubation, cell viability is determined.
Samples are centrifuged at 4000 rpm for 15 minutes at 4° C.,
supernatants diluted 2-fold with ultrapure water and com-
pound levels analysed by LC-MS/MS.
Assessment of Water Solubility

Water solubility may be tested as follows: A 10 mM stock
solution of the sanglifehrin analogue is prepared in 100%
DMSO at room temperature. Triplicate 0.01 mL aliquots are
made up to 0.5 mL with either 0.1 M PBS, pH 7.3 solution or
100% DMSO in amber vials. The resulting 0.2 mM solutions
are shaken, at room temperature on an IKA® vibrax VXR
shaker for 6 h, followed by transfer of the resulting solutions
or suspensions into 2 ml. Eppendorf tubes and centrifugation
for 30 min at 13200 rpm. Aliquots of the supernatant fluid are
then analysed by the LCMS method as described above.

Alternatively, solubility in PBS at pH7.4 may be tested as
follows: A calibration curve is generated by diluting the test
compounds and control compounds to 40 uM, 16 uM, 4 uM,
1.6 uM, 0.4 uM, 0.16 uM, 0.04 uM and 0.002 uM, with 50%
MeOH in H,O. The standard points are then further diluted
1:20 in MeOH:PBS 1:1. The final concentrations after 1:20
dilution are 2000 nM, 800 nM, 200 nM, 80 nM, 20 nM, 8 nM,
2 nM and 1 nM. Standards are then mixed with the same
volume (1:1) of ACN containing internal standard (hydroxy-
macrocycle, 6). The samples are centrifuged (5 min, 12000
rpm), then analysed by LC/MS.

MeOH/H,O Working MeOH/buffer Final
Solution (1:1) solution  Solution (1:1) solution

(uL) (uL) (uM) (uL) (uL) (nM)

10 mM 10 240 — 400
400 uM 50 450 — 40 20 380 —= 2000
20 480 — 16 20 380 — 800
40 uM 50 450 — 4 20 380 — 200
16 uM 50 450 — 1.6 20 380 — 80
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MeOH/H,O Working MeOH/buffer Final
Solution (1:1) solution  Solution (1:1) solution

(uL) (uL) M) (uL) (uL) @M)

4 uM 50 450 — 0.4 20 380 — 20
1.6 uM 50 450 — 0.16 20 380 — 8
0.4 uM 50 450 — 0.04 20 380 — 2

0.04 uM 50 950 — 0.002 20 380 — 1

Test compounds are prepared as stock solutions in DMSO
at 10 mM concentration. The stock solutions are diluted in
duplicate into PBS, pH7.4 in 1.5 mL Eppendorf tubes to a
target concentration of 100 uM with a final DMSO concen-
tration of 1% (e.g. 4 ul. of 10 mM DMSO stock solution into
396 ulL 100 mM phosphate buffer). Sample tubes are then
gently shaken for 4 hours at room temperature. Samples are
centrifuged (10 min, 15000 rpm) to precipitate undissolved
particles. Supernatants are transferred into new tubes and
diluted (the dilution factor for the individual test article is
confirmed by the signal level of the compound on the applied
analytical instrument) with PBS. Diluted samples are then
mixed with the same volume (1:1) of MeOH. Samples are
finally mixed with the same volume (1:1) of ACN containing
internal standard (hydroxymacrocycle, 6) for LC-MS/MS
analysis.

Assessment of Cell Permeability

Cell permeability may be tested as follows: The test com-
pound is dissolved to 10 mM in DMSO and then diluted
further in buffer to produce a final 10 uM dosing concentra-
tion. The fluorescence marker lucifer yellow is also included
to monitor membrane integrity. Test compound is then
applied to the apical surface of Caco-2 cell monolayers and
compound permeation into the basolateral compartment is
measured. This is performed in the reverse direction (baso-
lateral to apical) to investigate active transport. LC-MS/MS is
used to quantify levels of both the test and standard control
compounds (such as Propanolol and Acebutolol).

In Vivo Assessment of Pharmacokinetics

In vivo assays may also be used to measure the bioavail-
ability of a compound. Generally, a compound is adminis-
tered to a test animal (e.g. mouse or rat) both intravenously
(i.v.) and orally (p.o.) and blood samples are taken at regular
intervals to examine how the plasma concentration of the drug
varies over time. The time course of plasma concentration
over time can be used to calculate the absolute bioavailability
of the compound as a percentage using standard models. An
example of a typical protocol is described below.

Mice are dosed with 1, 10, or 100 mg/kg of the compound
of the invention or the parent compound i.v. or p.o. Blood
samples are taken at 5, 10, 15, 30, 45, 60, 90, 120, 180, 240,
360, 420 and 2880 minutes and the concentration of the
compound of the invention or parent compound in the sample
is determined via HPL.C. The time-course of plasma concen-
trations can then be used to derive key parameters such as the
area under the plasma concentration-time curve (AUC—
which is directly proportional to the total amount of
unchanged drug that reaches the systemic circulation), the
maximum (peak) plasma drug concentration, the time at
which maximum plasma drug concentration occurs (peak
time), additional factors which are used in the accurate deter-
mination of bioavailability include: the compound’s terminal
half life, total body clearance, steady-state volume of distri-
bution and F %. These parameters are then analysed by non-
compartmental or compartmental methods to give a calcu-
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lated percentage bioavailability, for an example of this type of
method see Egorin et al. 2002, and references therein.

In Vivo Assessment of Oral and Intravenous Pharmacokinet-
ics (Specific Method)

For sanglifehrin analogues, whole blood is analysed. Com-
pounds are formulated in 5% ethanol/5% cremophor EL./90%
saline for both p.o. and i.v. administration. Groups of 3 male
CD1 mice are dosed with either 1 mg/kgi.v. or 10 mg/kg p.o.
Blood samples (40 ul.) are taken via saphenous vein, pre-dose
and at 0.25, 0.5, 2, 8, and 24 hours, and diluted with an equal
amount of dH,O and put on dry ice immediately. Samples are
stored at —=70° C. until analysis. The concentration of the
compound of the invention or parent compound in the sample
is determined via LCMS as follows: 20 ulL ofblood:H,O (1:1,
v/v)/PK sample is added with 20 ul. Internal standard (hy-
droxyl macrocycle, 6) at 100 ng/mL., 20 ulL working solution/
MeOH and 150 uLL of ACN, vortexed for 1 minute at 1500
rpm, and centrifuged at 12000 rpm for 5 min. The supernatant
is then injected into LC-MS/MS. The time-course of blood
concentrations is plotted and used to derive area under the
whole blood concentration-time curve (AUC—which is
directly proportional to the total amount of unchanged drug
that reaches the systemic circulation). These values are used
to generate the oral bioavailability (F %) and other PK param-
eters where possible.

In Vitro Assessment of CytotoxiCity

Huh-7 and HepG2 cells obtained from ATCC are grown in
Dulbecco’s modified essential media (DMEM) containing
10% fetal bovine serum (FBS), 1% penicillin-streptomycin
(pen-strep) and 1% glutamine; whereas CEM cells (human
T-cell leukemia cells obtained from ATCC) are grown in
RPMI 1640 medium with 10% FBS, 1% pen-strep and 1%
glutamine. Fresh human PBMCs are isolated from whole
blood obtained from at least two normal screened donors.
Briefly, peripheral blood cells are pelleted/washed 2-3 times
by low speed centrifugation and resuspension in PBS to
remove contaminating platelets. The washed blood cells are
then diluted 1:1 with Dulbecco’s phosphate buffered saline
(D-PBS) and layered over 14 mL of Lymphocyte Separation
Medium (LSM; cellgrow by Mediatech, Inc.; density
1.078+/-0.002 g/ml; Cat.#85-072-CL) in a 50 mL centrifuge
tube and centrifuged for 30 minutes at 600xg. Banded
PBMCs are gently aspirated from the resulting interface and
subsequently washed 2x with PBS by low speed centrifuga-
tion. After the final wash, cells are counted by trypan blue
exclusion and resuspended at 1x10” cells/mL in RPMI 1640
supplemented with 15% Fetal Bovine Serum (FBS), 2 mM
L-glutamine, 4 ug/ml. PHA-P. The cells are allowed to incu-
bate for 48-72 hours at 37° C. After incubation, PBMCs are
centrifuged and resuspended in RPMI 1640 with 15% FBS, 2
mM L-glutamine, 100 U/mL penicillin, 100 ug/ml. strepto-
mycin, 10 ug/ml gentamycin, and 20 U/ml. recombinant
human IL-2.

Compound cytotoxicity is evaluated by testing half-log
concentrations of each compound in triplicate against the
cells described above. Cell containing medium alone served
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as the cell control (CC). Huh-7 and HepG2 cells are seeded in
96-well plates at a concentration of 5x10° cells per well. On
the following day, the media is aspirated, and 100 ul. of
corresponding media containing 5% FBS is added. Test drug
dilutions are prepared at a 2x concentration in microtiter
tubes and 100 uL. of each concentration is placed in appropri-
ate wells in a standard format. After 72 hours, the cells are
processed for cytotoxicity assessment.

PBMCs are diluted in fresh medium and plated in the
interior wells of a 96 well round bottom microplate at 5x10*
cells/well in a volume of 100 L. Similarly, CEM cells are
plated at 1x10* cells/well. Then, 100 uL of 2x preparations of
the test drugs are added in appropriate wells in a standard
format. The cultures are maintained for six to seven days and
then processed for cytotoxicity determination.

Cytotoxicity is determined using CytoTox-ONE™ homo-
geneous membrane integrity assay kit (Promega). The assay
measures the release of lactate dehyrodgenase (LDH) from
cells with damaged membranes in a fluorometric, homoge-
neous format. LDH released into the culture medium is mea-
sured with a coupled enzymatic assay that results in the con-
version of resazurin into a fluorescent resorufin product. The
amount of fluorescence produced is proportional to the num-
ber of lysed cells. Six serially diluted concentrations of each
compound are applied to the cells to derive where applicable
TC50 (toxic concentration of the drug decreasing cell viabil-
ity by 50%) and TC90 (toxic concentration of the drug
decreasing cell viability by 90%) values.

InVitro Assessment of Inhibition of MDR 1 and MRP2 Trans-
porters

To assess the inhibition and activation of the MDR1 (P-gly-
coprotein 1) and MRP2 transporters, an in vitro ATPase assay
from Solvo Biotechnology Inc. can be used (Glavinas et al.,
2003). The compounds (at 0.1, 1, 10 and 100 uM) are incu-
bated with MDR1 or MRP2 membrane vesicles both in the
absence and presence of vanadate to study the potential
ATPase activation. In addition, similar incubations are con-
ducted in the presence of verapamil/sulfasalazine in order to
detect possible inhibition of the transporter ATPase activity.
ATPase activity is measured by quantifying inorganic phos-
phate spectrophotometrically. Activation is calculated from
the vanadate sensitive increase in ATPase activity. Inhibition
is determined by decrease in verapamil/sulfasalazine medi-
ated ATPase activity.

EXAMPLES
Example 1

Construction of an sfaA Deletion Mutant of
Streptomyces Sp. A92-308110 (DSM9954)

1.1 Construction of the sfaA Deletion Construct

The ~7 kb EcoRV-Stul fragment of cosmid TL.3006 (SEQ
ID NO. 3) encompassing sfaA (nucleotide position 14396-
21362, NCBI sequence accession number FJ809786) was
excised by digestion with EcoRV and Stul and the resulting
isolated fragment ligated directly into pKC1139 that had
previously been digested with EcoRV and treated with shrimp
alkaline phosphatase (Roche). This plasmid was designated
pSGK268.

An in frame deletion of the sfaA gene contained within this
clone was performed using the Red/ET recombination kit
supplied by Gene Bridges (catalog number K006).
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(SEQ ID NO. 1) SfaAl71e6lf 5'-
CGCTCTGTGGCGCCTGGTTTCCAAGCGGCTCGCGGACCGGCACCGGCACA

TGCATAATTAACCCTCACTAAAGGGCG-3!

(SEQ ID NO. 2) SfaAl7825r 5'-
TGGATGTATCGTCGCAGGACGCCCAGAATTCACCTGCGACGTCCTCCAGA

TGCATTAATACGACTCACTATAGGGCTC-3"!

Two oligonucleotides, StaA17161f and SfaA17825r were
used to amplify the neomycin marker from the FRT-PGK-
gb2-neo-FRT template DNA supplied in the kit using KOD
DNA polymerase. The resulting ~1.7 kb amplified product
was isolated by gel electrophoresis and purified from the gel
with QiaEX resin.

Plasmid pSGK268 was transformed into £. coli DH10B
using standard techniques and selected on plates containing
apramycin (50 pg/ml). Introduction of the deletion construct
was performed essentially following the Gene Bridges kit
protocol. A single colony was grown overnight in 2TY apra-
mycin (50 ug/ml) and transformed with the pRedET (tet)
plasmid and selected on apramycin (50 ug/ml) and tetracy-
cline (3 ug/ml) at 30° C. A single colony was used to prepare
an overnight culture of this strain in 3 ml 2TY apramycin (50
ug/ml) and tetracycline (3 mg/ml) at 30 C. 0.5 ml of this
culture was used to inoculate 10 ml 2TY apramycin (50
ng/ml) and tetracycline (3 ug/ml) at 30° C. and grown to an
OD¢00 i ~0.5. 1.4 ml of this culture was transferred to each
of 2 eppendorf tubes and 50 ul 10% arabinose added to one
tube to induce expression of the Red/ET recombination pro-
teins. Tubes were shaken for ~1 hour at 37° C. Induced and
non-induced cells were pelleted in a bench top centrifuge and
washed twice with chilled sterile water; resuspending and
centrifuging to pellet the cells each time. The resulting pellets
were suspended in about 30-40 ul of water and kept on ice.
The 1.7 kb disruption fragment isolated previously was added
to the induced and non-induced tubes and transferred to 1 mm
Biorad electrocuvettes on ice. The samples were electropo-
rated (Biorad Micropulser at 1.8 kV, resulting time constant
~4 ms) and 1 ml 2TY (no antibiotics) added and mixed to
remove the cells from the cuvette. Cells were incubated for ~3
hours at 37° C. with shaking (1100 rpm, eppendorf thermo-
mixer compact) before plating onto 2TY plates containing
apramycin (50 ug/ml and kanamycin 25 ug/ml and incubating
over night at 37° C. Colonies from the induced sample plates
were streaked onto 2TY plates containing kanamycin at 50
ng/ml to purify and confirm introduction of the kanamycin
resistance cassette. PCR on individual bacterial colonies was
used to confirm the introduction of the cassette. Plasmids
were prepared from these cultures and digested to confirm the
expected plasmid pSGK270. Plasmids were then digested
with Nsil to remove the marker fragment, and the remainder
religated to produce the sfaA in-frame deletion construct
pSGK271.

1.2 Conjugation of Streptomyces sp. A92-308110
(DSM9954) and Introduction of an sfaA Deletion

Plasmid pSGK271 was transformed into E. coli ET12567
pUZ8002 using standard techniques and selected on 2TY
plates containing apramycin (50 ug/ml), kanamycin (25
ug/ml) and chloroamphenicol (10 pg/ml). The resulting strain
was inoculated into 3 ml liquid 2TY containing apramycin
(50 ug/ml), kanamycin (25 ug/ml) and chloroamphenicol (10
ug/ml) and incubated overnight at 37° C., 250 rpm. 0.8 ml of
this culture was used to inoculate 10 m1liquid 2TY containing
apramycin (50 ug/ml), kanamycin (25 ug/ml) and chloroam-
phenicol (10 ug/ml) in a 50 ml Falcon tube and incubated at
37° C. 250 rpm until ODygy ,,,, ~0.5 was reached. The result-
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ing culture was centrifuged at 3500 rpm for 10 minutes at 4°
C., washed twice with 10 m1 2TY media using centrifugation
to pellet the cells after each wash. The resulting pellet was
resuspended in 0.5 ml 2TY and kept on ice before use. This
process was timed to coincide with the complete preparation
of Streptomyces spores described below.

Spores of Streptomyces sp. A92-308110 (DSM9954)
(Biot-4370) were harvested from a 1-2 week old confluent
plate by resuspending in ~3 ml 20% glycerol. Spores were
centrifuged (5000 rpm, 10 minutes room temperature) and
washed twice with 50 mM TES buffer before resuspending in
1 ml 50 mM TES buffer and splitting between 2 eppendorf
tubes. These tubes were heat shocked at 50° C. for 10 minutes
in a water bath before adding 0.5 ml 2TY and incubating in an
Eppendorf Thermomixer compact at 37° C. for 4-5 hours.

The prepared E. coli ET12567 pUZ8002 pSGK271 and
Biot-4370 were mixed at ratios 1:1 (250 uL. each strain) and
1:3 (100 uLL E. coli) and immediately spread on R6 plates and
transferred to a37° C. incubator. After approximately 2 hours
incubation these plates were overlaid with 2 ml of sterile
water containing nalidixic acid to give a final in-plate con-
centration of 25 ug/L. Plates were returned to the 37° C.
incubator overnight before overlaying with 2 ml of sterile
water containing apramycin to give a final in-plate concen-
tration of 20-25 ug/L. Ex-conjugant colonies appearing after
~4-7 days were patched to ISP4 media containing apramycin
(25ug/L) and nalidixic acid (25 ug/L)) and incubated at 37° C.
Once adequate mycelial growth was observed strains were
repatched to ISP4 media containing apramycin (25 ug/L) at
37° C. and allowed to sporulate. Strains were then subcul-
tured three times (to promote removal of the temperature
sensitive plasmid) by patching to ISP4 (without antibiotic)
and incubating at 37° C. for 3-4 days. Strains were finally
patched to ISP4 and incubated at 28° C. to allow full sporu-
lation (5-7 days). Spores were harvested and serially diluted
onto ISP4 plates at 28° C. to allow selection of single colo-
nies. Sporulated single colonies were doubly patched to ISP4
plates with or without apramycin (25 ug/L) to confirm loss of
plasmid and allowed to grow ~7 days before testing for pro-
duction of sanglifehrins.

1.3 Screening Strains for Production of Sanglifehrins in Fal-
con Tubes

A single ~7 mm agar plug of a well sporulated strain was
used to inoculate 7 ml of sterile SM25-3 media and incubated
at 27° C. 200 rpm in a 2" throw shaker. After 48 hours of
growth 0.7 ml of this culture was transferred to a sterilised
falcon tube containing 7 ml of SGP2 media with 5% HP20
resin. Cultures were grown at 24° C. 300 rpm on a 1 inch
throw shaking incubator for 5 days before harvest. 0.8 ml
bacterial culture was removed and aliquoted into a 2 ml
eppendorf tube ensuring adequate dispersal of the resin in
throughout the culture prior to aliquoting. 0.8 ml acetonitrile
and 15 ul of formic acid were added and the tube mixed for
about 30 minutes. The mixture was cleared by centrifugation
and 170 ul of the extract removed into a HPLC vial and
analysed by HPLC.

1.4 Analysis of Strains for Reversion to Wild Type or sfaA
Phenotype.

Extracts of strains were analysed by HPLC. Strains that
produced sanglifehrin A and B were not analysed further as
these had reverted to wild type. Strains lacking sanglifehrin A
and B production showed small levels (~1-2 mg/L.) of a peak
retention time 6.5 minutes that displayed a sanglifehrin like
chromophore. Analysis by LCMS indicated this peak had a
m/z 1073, —16 units from the expected m/z of sanglifehrin. It
was postulated this peak was due to incorporation of pheny-
lalanine in absence of meta-hydroxytyrosine.
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Eight strains showing loss of sanglifeherin production
were subsequently regrown to assess whether the potential
sfaA mutation could be complemented chemically allowing a
mutasynthetic process to novel sanglifehrins. Strains were
grown in SM25-3 seed media for 48 hours before transferring
to SGP2 production media with 5% resin. After a further 24
hours growth strains were fed in triplicate with 2 mM DL
meta-hydroxytyrosine (addition of 100 ul of a 0.16M solution
in 1M HCL) or 2 mM L-phenylalanine with an unfed strain
used as control. Strains were also fed pipecolic acid (2 mM)
in methanol) to enhance product yields. Strains were har-
vested after a further 4 days growth and extracted and analy-
sed by HPLC. Meta-hydroxy tyrosine was shown to com-
pletely complement the sfaA mutation and addition of
L-phenylalanine increased levels of the —16 amu compound.
Strain Biot-4585 was chosen for further study as the sfaA
deletion mutant.

Example 2

Other Methods for Construction of the sfaA Deletion
Construct

Other methods can be used to generate sfaA deletion
mutants. Examples include sfaA insertional inactivation
mutants (such as example 12 from W02010/034243 (the
contents of which are herewith incorporated by reference in
their entirety)). This strain was generated as described in
W02010/034243, and given the strain designation BIOT-
4452.

In an alternative procedure to generate the deletion of sfaA
two oligonucleotides 15209F 5'-CAGAGAATTCGCGG-
TACGGGGCGGACGACAAGGTGTC-3'(SEQ ID NO. 4)
and 17219R5-GCGCATGCATGTGCCGGTGCCGGTC-
CGCGAGCCGCTTGG-3'(SEQ ID NO. 5) are used to
amplify an upstream region of homology using cosmid
TL3006 (SEQ ID NO. 3) as template and KOD DNA poly-
merase. The amplified product is treated with T4 polynucle-
otide kinase (NEB) and cloned into pUCI18 that has been
dephosphorylated by treating with shrimp alkaline phos-
phatase (Roche). The resulting construct is checked by
restriction digestion and thoroughly sequenced to ensure the
desired sequence is generated and that errors have not been
introduced during polymerase amplification. This construct
is digested with EcoRI and Nsil and the products analysed by
gel electrophoresis. The desired sequence-containing band
(i.e. upstream homology ~2 kb) is excised from the gel and
purified using standard procedures (QiaEX resin). A second
series of oligonucleotides (SEQ ID NO. 6) 17766F 5'-CCT-
CATGCATCTGGAGGACGTCGCAGGT-
GAATTCTGGGCG-3' and 19763R 5'-GGGCAAGCT-
TCTCCTGGCTGAGCTTGAACATCG-3'(SEQ ID NO. 7)
are used to amplify a downstream region of homology using
cosmid TL3006 (SEQ ID NO. 3) as template and KOD DNA
polymerase. The amplified product is treated with T4 poly-
nucleotide kinase (NEB) and cloned into pUCI18 that has
been dephosphorylated by treating with shrimp alkaline
phosphatase (Roche). The resulting construct is analysed by
restriction digestion and thoroughly sequenced to ensure the
desired sequence is generated and that errors have not been
introduced during polymerase amplification. This construct
is digested with HindIII and Nsil and the products analysed
by gel electrophoresis. The desired sequence-containing
band (i.e. downstream homology ~2 kb) is excised from the
gel and purified using standard procedures (QiaEX resin).
Vector pKC1139 is digested with EcoRI and HindIII and the
large vector fragment isolated by gel electrophoresis and
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purified by standard methods (QiaEX resin). The isolated
upstream and downstream homology fragments are then
cloned into this fragment of pKC1139 in a three-way ligation
to generate the desired sfaA deletion construct.

In a further alternative procedure for generation of a sfaA
deletion construct commercial gene synthesis (i.e. Genscript
or other vendor) is used to generate a construct containing the
desired sequence (SEQ ID NO. 8). This purchased construct
is digested using BamHI and Xbal to excise the sequence of
interest and the products analysed by gel electrophoresis. The
desired sequence-containing band (~4 kb) is excised from the
gel and purified using standard procedures. Vector pKC1139
is digested with BamHI and Xbal and the large fragment
isolated by gel electrophoresis and purified by standard meth-
ods. The two isolated fragments are then ligated together to
generate the desired sfaA deletion construct.

These alternative sfaA deletion constructs are introduced
into Streptomyces sp. A92-308110 (DSM9954) by conjuga-
tion using the methods in Example section 1.2.

Example 3
Array Feed of the sfaA Deletion Mutant

Spore stocks of a mutant disrupted in sfaA (BIOT-4452 or
BIOT-4585) were prepared after growth on MAM, ISP4,
ISP3 or ISP2 medium, and preserved in 20% w/v glycerol in
distilled water and stored at -80° C. Vegetative cultures (seed
cultures) were prepared by inoculating spore stock (1% v/v)

54
into 7 mL seed medium (SM25 medium) in 50 mL centrifuge
tubes with foam plugs. The culture tubes were incubated at
27° C., 250 rpm (5 cm throw) for 48 h. From the seed culture
10% (v/v) was transferred into 7 mL production medium

5 SGP-2 in 50 mL centrifuge tubes with foam plugs. Cultiva-

tion was carried out at 24° C. and 300 rpm (2.5 cm throw). For
production of sanglifehrin mutasynthetic analogues, 0.05 mL
of a 0.32 M solution (in 1N HCI) of the feed compound
(mutasynthon) was added to each tube at 24 hours post inocu-
lation to give a final concentration of 2 mM. Additionally,
0.05 ml of a 0.32 M solution of piperazic acid (in methanol)
was added to each tube at 24 hours to give a final concentra-
tion of 2 mM. Cultivation was continued for an additional
four days post feeding.

Samples were extracted by transferring 0.8 ml of the whole
broth into a 2 ml capped eppendorftube. 0.8 ml of acetonitrile
was added, along with 0.015 ml of formic acid. The mixture
was then shaken for 30 minutes on a vibrax. The tube was then

20 centrifuged at 13000 rpm for 10 minutes and 0.15 ml of the

supernatant was removed for analysis. Extracts were analy-
sed as described in general methods.

Table 1 shows the mutasynthons that were fed in this way,
along with the LCMS H+ and Na+ adducts, anticipated

25 molecular mass and retention time of the sanglifehrin muta-

synthetic products observed. The major peaks, relating to the
sanglifehrin A analogues, are shown. In all cases, LCMS
peaks were also seen for the sanglifehrin B analogues (Mass
-18).

TABLE 1
[M-H]" [M+Na]* molecular retention
mutasynthon observed  observed mass time
fed mutasynthon name (m/z) (m/z) (amu) (minutes)
HO COH 2-amino-3-(4-fluoro-3- 1106.4 1130.4 1107.4 5.5
hydroxyphenyl)propanoic
acid
NH,
F
HO COH 2-amino-3-(3-fluoro-5- 1106.4 1130.4 1107.4 5.7
hydroxyphenyl)propanoic
acid
NH,
F
HO CO,Me methyl 2-amino-3-(3-fluoro- 1106.4 1130.4 1107.4 5.7
5-hydroxyphenyl)
proprionate
NH,
F
HO. CO,Me (S)-methyl 2-amino-3-(3- 1102.5 1126.7 1103.5 6.0
hydroxy-4-
methylphenyl)propanoate
NH,
Me
F. COH 2-amino-3-(3- 1090.4 1114.5 1091 6.1
fluorophenyl)propanoic acid
NH,
H methyl (28)-2-amino-3-(3- 1089.5 1113.7 1090.5 4.4
¢} N CO,Me hydroxy(2-
pyridyl))propanoate
N NH,
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TABLE 1-continued
[M-H]" [M+Na]* molecular retention
mutasynthon observed  observed mass time
fed mutasynthon name (m/z) (m/z) (amu) (minutes)
HO CO,Me methyl 2-amino-3-(2-fluoro- 1106.5 1130.6 1107.5 55
5
hydroxyphenyl)propanoate
NH,
F
F methyl 2-amino-3-(2-fluoro- 1106.5 1130.6 1107.5 5.1
HO COMe hydroxyphenyl)propanoate
NH,
F methyl 2-amino-3-(2,6- 1124.4 1148.5 1125.5 5.1
difluoro-3-
HO CO,Me hydroxyphenyl)propanoate
NH,
F
(0] methyl 2-amino-3-(4-ethyl-3- 1116.7 1141.0 1117.7 7.2
hydroxyphenyl)propanoate
HO
OMe
NH,
F methyl 2-amino-3-(2,4- 1124.7 1148.8 1125.7 6.0
difluoro-3-
HO CO,Me hydroxyphenyl)propanoate
NH,
F
Example 4 rial (278 mg) was dissolved in methanol (1.8 ml) and purified

Isolation of 63-Fluoro Sanglifehrin a, Compound 14

Fermentation carried out as described in general methods
utilising methyl 2-amino-3-(3-fluoro-5-hydroxyphenyl)pro-
panoate and DL-piperazic acid as precursors, both were
added at 26 hours.

After harvesting the culture broths were pooled and
adjusted to approx. pH 3 with formic acid and centrifuged
(3300 g) for 25 mins to separate the cells and resin from the
clarified broth. The clarified broth was discarded after assay
having confirmed less than 5% of target compound present.
The cells and resin were stirred with 2 volumes of acetonitrile
for 1 hr using a magnetic stirrer. The acetonitrile extract was
recovered either by centrifugation or by allowing it to settle
under gravity. A second acetonitrile extraction of the cells and
resin was then performed under the same conditions. The
combined acetonitrile extracts were concentrated to a
residual aqueous volume under reduced pressure and then
adjusted to pH 6. This was extracted twice with ethyl acetate
and the combined organics taken to dryness under reduced
pressure to give the final crude (1.3 g).

The crude extract (1.3 g) was dissolved in ethyl acetate (2
ml) and loaded onto a silica gel column (10x2 cm) condi-
tioned with ethyl acetate (500 ml). The column was eluted
with ethyl acetate and then with stepwise increases in acetone
(10%, 20%, 30%, etc. in ethyl acetate). Approx. 250 mlL
fractions were collected and the target compound identified
by analytical LC, combined and taken to dryness. This mate-

40

45

60

by preparative HPL.C. A Waters Xterra MSC18 column (10
micron, 19 cmx250 mm) was used with solvent pumped at 21
ml/min. Solvent A was water and solvent B was acetonitrile.
The column was run isocratically at 50% B for 6 minutes
following the injection followed by a gradientto 100% B at 30
minutes. Pure fractions were identified by HPLC-UV and
combined. These fractions were taken to dryness under
reduced pressure to yield the target compound as an off-white
amorphous solid (20 mg).

Example 5

Isolation of 62,63-Fluoro Sanglifehrin A, Compound
15

Fermentation carried out as described in general methods
utilising methyl (S)-2-amino-3-(3,4-difluoro-5-hydroxyphe-
nyl)propanoate and DL-piperazic acid as precursors, both
were added at 26 hours.

After harvesting the culture broths were pooled and
adjusted to approx. pH 3 with formic acid and centrifuged
(3300 g) for 25 mins to separate the cells and resin from the
clarified broth. The clarified broth was discarded after assay
having confirmed less than 5% of target compound present.
The cells and resin were stirred with 2 volumes of acetonitrile
for 1 hr using a magnetic stirrer. The acetonitrile extract was
recovered either by centrifugation or by allowing it to settle
under gravity. A second acetonitrile extraction of the cells and
resin was then performed under the same conditions. The
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combined acetonitrile extracts were concentrated to a
residual aqueous volume under reduced pressure and then
adjusted to pH 6. This was extracted twice with ethyl acetate
and the combined organics taken to dryness under reduced
pressure to give the final crude (1.6 g).

The crude extract (1.6 g) was dissolved in 2 ml ethyl acetate
and loaded onto a silica gel column (10x2 cm) conditioned
with 500 ml ethyl acetate. The column was eluted with ethyl
acetate and then with stepwise increases in acetone (10%,
20%, 30%, etc. in ethyl acetate). Approx. 250 mL fractions
were collected and the target compound identified by analyti-
cal LC, combined and taken to dryness. This material (188
mg) was dissolved in 1.8 ml methanol and purified by pre-
parative HPL.C. A Waters Xterra MSC18 column (10 micron,
19 cmx250 mm) was used with solvent pumped at 21
ml/min. Solvent A was water and solvent B was acetonitrile.
The column was run isocratically at 50% B for 6 minutes
following the injection followed by a gradient to 100% B at 30
minutes. These fractions were taken to dryness under reduced
pressure to yield the target compound as an off-white amor-
phous solid (15 mg).

Example 6
Isolation of 62-Fluoro Sanglifehrin A, Compound 16

Employed methyl (S)-2-amino-3-(4-fluoro-3-hydrox-
yphenyl)propanoate and DL-piperazic acid precursors. Car-
ried out in accordance with general method with exception
that precursors were added at 27 hours.

After harvesting the culture broths were pooled and
adjusted to approx. pH 3 with formic acid and centrifuged
(3300 g) for 25 mins to separate the cells and resin from the
clarified broth. The clarified broth was discarded after assay
having confirmed less than 5% of target compound present.
The cells and resin were stirred with 2 volumes of acetonitrile
for 1 hr using magnetic stirrer. The acetonitrile extract was
recovered either by centrifugation or by allowing it to settle
under gravity. A second acetonitrile extraction of the cells and
resin was then performed under the same conditions.

The combined acetonitrile extracts were concentrated to a
residual aqueous volume under reduced pressure and then
adjusted to pH 6. This was extracted twice with ethyl acetate
and the combined organics taken to dryness under reduced
pressure to give the final oily crude (4.2 g).

The crude extract (4.2 g) was dissolved in 4 ml ethyl acetate
and loaded onto a silica gel column (15x2 cm) conditioned
with 500 ml ethyl acetate. The column was eluted with ethyl
acetate and then with stepwise increases in acetone (10%,
20%, 30%, etc. in ethyl acetate). Approx. 250 mL fractions
were collected and the target compound identified by analyti-
cal LC, combined and taken to dryness. This material (390
mg) was dissolved in 2.4 ml methanol and purified by pre-
parative HPL.C. A Waters Xterra MSC18 column (10 micron,
19 cmx250 mm) was used with solvent pumped at 21
ml/min. Solvent A was water and solvent B was acetonitrile.
The column was run isocratically at 50% B for 6 minutes
following the injection followed by a gradient to 100% B at 30
minutes. Pure fractions were identified by HPLC-UV and
combined. These fractions were taken to dryness under
reduced pressure to yield the target compound as an off-white
amorphous solid (38 mg).

Example 7

Isolation of 62-Methyl Sanglifehrin A, Compound
17

Cryopreserved spore stocks of BIOT-4585 were thawed at
room temperature. Vegetative cultures (seed cultures) were
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prepared by transferring 0.4 mL of spore stock into 400 mL
medium SM25 in 2 L Erlenmeyer flasks with foam plug.
Cultivation was carried out for 48 hours at 27° C. and 250 rpm
(2.5 cm throw). From the seed culture 20 m[. was transferred
into 400 ml production medium SGP2+5% HP20 in 2 L
Erlenmeyer flasks with foam plug. After 24 hours cultivation
at 24° C. and 250 rpm (2.5 cm throw), 2 mL of a 200 mM
solution of methyl (S)-2-amino-3-(3-hydroxy-4-methylphe-
nyl)propanoate in 1M hydrochloric acid and 2 mL of a 400
mM methanolic solution of DL-piperazic acid was added to
each production flask to give a final 1 mM concentration of
the individual enantiomers of the precursors. Cultivation was
continued for further four days at 24° C. and 250 rpm (2.5 cm
throw).

The culture broths were pooled and adjusted to approx. pH
3 with formic acid and centrifuged (3300 g) for 25 mins to
separate the cells and resin from the clarified broth. The
clarified broth was discarded after assay having confirmed
less than 5% of target compound present. The cells and resin
were stirred with 2 volumes of acetonitrile for 1 hr using an
overhead paddle stirrer. The acetonitrile extract was recov-
ered by allowing it to settle under gravity. A second acetoni-
trile extraction of the cells and resin was then performed
under the same conditions. The combined acetonitrile
extracts were concentrated to a residual aqueous volume
under reduced pressure and then adjusted to pH 6. This was
extracted twice with ethyl acetate and the combined organics
taken to dryness under reduced pressure to give the final crude
extract (7.6 g).

The crude extract (7.6 g) was dissolved in 5 ml ethyl acetate
and loaded onto a silica gel column (15x2 cm) conditioned
with 500 ml ethyl acetate. The column was eluted with ethyl
acetate and then with stepwise increases in acetone (10%,
20%, 30%, etc. in ethyl acetate). Approx. 250 mL fractions
were collected and the target compound identified by analyti-
cal LC, combined and taken to dryness. This material (319
mg) was dissolved in 2.4 ml methanol and purified by pre-
parative HPL.C. A Waters Xterra MSC18 column (10 micron,
19 cmx250 mm) was used with solvent pumped at 21
ml/min. Solvent A was water and solvent B was acetonitrile.
The column was run isocratically at 50% B for 6 minutes
following the injection followed by a gradientto 100% B at 30
minutes. Pure fractions were identified by HPLC-UV and
combined. These fractions were taken to dryness under
reduced pressure to yield the target compound as an off-white
amorphous solid (14.9 mg).

Example 8

Isolation of 61-Deshydroxy Sanglifehrin A,
Compound 18

Cryopreserved spore stocks of BIOT-4585 were thawed at
room temperature. Vegetative cultures (seed cultures) were
prepared by transferring 0.4 mL of spore stock into 400 mL
medium SM25 in 2 L Erlenmeyer flasks with foam plug.
Cultivation was carried out for 48 hours at 27° C. and 250 rpm
(2.5 cm throw). From the seed culture 500 mL was transferred
into 4.5 L production medium SGP2+5% HP20 in a 7 L
Applikon fermenter and cultivated at 24° C., 400 rpm (cas-
cade DOT control), 2.5 L/min air flow and 30% DOT (cascade
agitation control). After 24 hours cultivation, 7.5 mL ofa 667
mM solution of (S)-2-amino-3-phenylpropanoic acid in 1M
hydrochloric acid was added to the fermenter to give a final 1
mM concentration of the precursor. Cultivation was contin-
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ued for further four days at 24° C., 400 rpm (cascade DOT
control), 2.5 L/min air flow and 30% DOT (cascade agitation
control).

The culture broths were pooled and adjusted to approx. pH
3 with formic acid and centrifuged (3300 g) for 25 mins to
separate the cells and resin from the clarified broth. The
clarified broth was discarded after assay having confirmed
less than 5% of target compound present. The cells and resin
were stirred with 2 volumes of acetonitrile for 1 hr using an
overhead paddle stirrer. The acetonitrile extract was recov-
ered by allowing it to settle under gravity. A second acetoni-
trile extraction of the cells and resin was then performed
under the same conditions, but with the second extract being
recovered by centrifugation. The combined acetonitrile
extracts were concentrated to a residual aqueous volume
under reduced pressure and then adjusted to pH 6. This was
extracted twice with ethyl acetate and the combined organics
taken to dryness under reduced pressure to give the final crude
(55 g).

The crude extract (55 g) was suspended in 80% methanol in
water and extracted with 300 ml hexane twice. The target
compound was found in methanol/water part which was taken
to dryness. This dried extract (48 g) was dissolved in 30 ml
ethyl acetate and loaded onto a silica gel column (20x5 cm)
conditioned with 1 L ethyl acetate. The column was eluted
with ethyl acetate and then with stepwise increases in acetone
(10%, 20%, 30%, etc. in ethyl acetate). Approx. 250 mlL
fractions were collected and the target compound identified
by analytical LC, combined and taken to dryness. This mate-
rial (813 mg) was dissolved in methanol and purified by
preparative HPLC. A Waters Xterra MSCI18 column (10
micron, 19 cmx250 mm) was used with solvent pumped at 21
ml/min. Solvent A was water and solvent B was acetonitrile.
The column was run isocratically at 50% B for 6 minutes
following the injection followed by a gradient to 100% B at 30
minutes. Pure fractions were identified by HPLC-UV and
combined. These fractions were taken to dryness under
reduced pressure to yield the target compound as an off-white
amorphous solid (34 mg).

Example 9

Isolation 58-des(3-hydroxyphenyl)-58-(3-hydroxy(2-
pyridyl)-sanglifehrin A, Compound 19

Employed methyl (2S)-2-amino-3-(3-hydroxy(2-pyridyl))
propanoate and DL-piperazic acid precursors. Carried out in
accordance with general method with exception that the incu-
bator throw during vegetative (seed) cultivation was 2.5 cm.

The culture broths were pooled and adjusted to approx. pH
3 with formic acid and centrifuged (3300 g) for 25 mins to
separate the cells and resin from the clarified broth. The
clarified broth was discarded after assay having confirmed
less than 5% of target compound present. The cells and resin
were stirred with 2 volumes of acetonitrile for 1 hr using an
overhead paddle stirrer. The acetonitrile extract was recov-
ered by allowing it to settle under gravity. A second acetoni-
trile extraction of the cells and resin was then performed
under the same conditions. The combined acetonitrile
extracts were concentrated to a residual aqueous volume
under reduced pressure and then adjusted to pH 6. This was
extracted twice with ethyl acetate and the combined organics
taken to dryness under reduced pressure to give the final crude
extract (7 ).

The crude extract (7 g) was dissolved in 4 ml ethyl acetate
and loaded onto a silica gel column (15x2 cm) conditioned
with 500 ml ethyl acetate. The column was eluted with ethyl
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acetate and then with stepwise increases in acetone (10%,
20%, 30%, etc. in ethyl acetate to 100% acetone then 1%
methanol to stepwise 5% methanol in acetone). Approx. 250
ml fractions were collected and the target compound identi-
fied by analytical L.C, combined and taken to dryness. This
material (204 mg) was dissolved in methanol and purified by
preparative HPLC. A Waters Xterra MSCI18 column (10
micron, 19 cmx250 mm) was used with solvent pumped at 21
ml/min. Solvent A was water and solvent B was acetonitrile.
The column was run isocratically at 50% B for 6 minutes
following the injection followed by a gradientto 100% B at 30
minutes. Pure fractions were identified by HPLC-UV and
combined. These fractions were taken to dryness under
reduced pressure to yield the target compound as an off-white
amorphous solid (4 mg).

Example 10

Isolation of 61-Deshydroxy-61-Fluoro Sanglifehrin
A, Compound 20

Cryopreserved spore stocks of BIOT-4585 were thawed at
room temperature. Vegetative cultures (seed cultures) were
prepared by transferring 0.4 mL of spore stock into 400 mL
medium SM25 in 2 L Erlenmeyer flasks with foam plug.
Cultivation was carried out for 48 hours at 27° C. and 250 rpm
(2.5 cm throw). From the seed culture 20 m[. was transferred
into 400 ml production medium SGP2+5% HP20 in 2 L
Erlenmeyer flasks with foam plug. After 24 hours cultivation
at 24° C. and 250 rpm (2.5 cm throw), 2 mL of a 400 mM
solution of 2-amino-3-(3-fluorophenyl)propanoic acid in 1M
hydrochloric acid and 2 mL of a 400 mM methanolic solution
of DL-piperazic acid was added to each production flask to
give afinal 1 mM concentration of the individual enantiomers
of the precursors. Cultivation was continued for further four
days at 24° C. and 250 rpm (2.5 cm throw).

The culture broths were pooled and adjusted to approx. pH
3 with formic acid and centrifuged (3300 g) for 25 mins to
separate the cells and resin from the clarified broth. The
clarified broth was discarded after assay having confirmed
less than 5% of target compound present. The cells and resin
were stirred with 2 volumes of acetonitrile for 1 hr using an
overhead paddle stirrer. The acetonitrile extract was recov-
ered either by allowing it to settle under gravity. A second
acetonitrile extraction of the cells and resin was then per-
formed under the same conditions. A third extract was
obtained by centrifugation of the residual cell and resin mix.
The combined acetonitrile extracts were concentrated to a
residual aqueous volume under reduced pressure and then
adjusted to pH 6. This was extracted twice with ethyl acetate
and the combined organics taken to dryness under reduced
pressure to give the final crude extract (10.5 g).

The crude extract (10.5 g) was dissolved in 7 ml ethyl
acetate and loaded onto a silica gel column (15x2 cm) con-
ditioned with 500 ml ethyl acetate. The column was eluted
with ethyl acetate and then with stepwise increases in acetone
(10%, 20%, 30%, etc. in ethyl acetate). Approx. 250 mlL
fractions were collected and the target compound identified
by analytical LC, combined and taken to dryness. This mate-
rial (342 mg) was dissolved in methanol and purified by
preparative HPLC. A Waters Xterra MSCI18 column (10
micron, 19 cmx250 mm) was used with solvent pumped at 21
ml/min. Solvent A was water and solvent B was acetonitrile.
The column was run isocratically at 53% B for 30 minutes
following the injection. Pure fractions were identified by
HPLC-UV and combined. These fractions were taken to dry-
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ness under reduced pressure to yield the target compound as
an off-white amorphous solid (6 mg).

Example 11

Isolation of 61-Deshydroxy-61-Amino Sanglifehrin
A, Compound 21

Cryopreserved spore stocks of BIOT-4585 were thawed at
room temperature. Vegetative cultures (seed cultures) were
prepared by transferring 0.4 mL of spore stock into 400 mL
medium SM25 in 2 L Erlenmeyer flasks with foam plug.
Cultivation was carried out for 48 hours at 27° C. and 250 rpm
(2.5 cm throw). From the seed culture 20 m[. was transferred
into 400 mL production medium SGP2+5% HP20 in 2 L
Erlenmeyer flasks with foam plug. After 24 hours cultivation
at 24° C. and 250 rpm (2.5 cm throw), 2 mL of a 200 mM
solution of methyl (S)-2-amino-3-(3-aminophenyl)pro-
panoate in 1M hydrochloric acid was added to each produc-
tion flask to give a final 1 mM concentration of the precursors.
Cultivation was continued for further four days at 24° C. and
250 rpm (2.5 cm throw).

The culture broths were pooled and adjusted to approx. pH
3 with formic acid and centrifuged (3300 g) for 25 mins to
separate the cells and resin from the clarified broth. The
clarified broth was discarded after assay having confirmed
less than 5% of target compound present. The cells and resin
were stirred with 2 volumes of acetonitrile for 1 hr using an
overhead paddle stirrer. The acetonitrile extract was recov-
ered either by allowing it to settle under gravity. A second
acetonitrile extraction of the cells and resin was then per-
formed under the same conditions. A third extract was
obtained by centrifugation of the residual cell and resin mix.

The combined acetonitrile extracts were concentrated to a
residual aqueous volume under reduced pressure and then
adjusted to pH 6. This was extracted twice with ethyl acetate
and the combined organics taken to dryness under reduced
pressure to give the final crude.

The crude extract is dissolved in ethyl acetate and loaded
onto a silica gel column (conditioned with ethyl acetate. The
column is eluted with organic solvent with increasing polar-
ity. Approx. 250 mL fractions are collected and the target
compound identified by analytical L.C, combined and taken to
dryness. This material is dissolved in methanol and purified
by preparative HPL.CPure fractions are identified by HPLC-
UV and combined. These fractions are taken to dryness under
reduced pressure to yield the target compound as an off-white
amorphous solid.

Example 12

Biological Data—In Vitro Evaluation of HCV
Antiviral Activity in the Replicon System

Compounds were analysed in the replicon assay using
Huh5.2 cells as described in the General Methods. Cyclospo-
rine A, 1, sanglifehrin A, 5, and the hydroxymacrocycle, 6
were included as a comparison.

Selectivity
index
Name EC50 (uM) CC50 (uM) (CC50/EC50)
Cyclosporine A, 1 0.2 4.3 21.5
Sanglifehrin A, 5 0.318 9.1 28.7
Hydroxymacrocycle, 6 8.4 83.6 9.9
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-continued
Selectivity
index
Name EC50 (uM)  CC50 (uM)  (CCS0/ECS0)
14 0.135 12.8 121
15 0.195 16.6 88
16 0.89 29.7 32
17 0.083 11.6 143
18 3.4 11.7 3.5
19 24.3 48.1 3.5

As can be seen, 14, 15, 16 and 17 are all very potent in the
Huh5.2 replicon assay (as shown by the low EC50), with good
selectivity against the cell line (as shown by a high selectivity
index). The previously described sanglifehrin A, 5, is less
potentthan 14, 15 and 17 at HCV inhibition, and cyclosporine
A, 1 is less potent and both 1 and 5 have poorer selectivity
indices.

Example 13
Microsome Stability
Stability of the compounds in human and mouse liver

microsomes was analysed as described in the General Meth-
ods. Sanglifehrin A, 5 was included as a comparison.

Human liver Mouse liver
microsome microsome
half life half life
Name (mins) (mins)

Sanglifehrin A, 5 6.38 6.15
14 9.32 9.78
15 10.81 9.22
16 6.61 5.48
17 9.50 9.67
18 7.64 3.46
19 10.37 4.71

As can be seen, the compounds of the invention, 14, 15, 16,
17, 18 and 19 all have increased stability in human liver
microsomes when compared to sanglifehrin A (5) and 14, 15
and 17 are also all more stable in mouse liver microsomes.
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All references including patent and patent applications
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Throughout the specification and the claims which follow,
unless the context requires otherwise, the word ‘comprise’,
and variations such as ‘comprises’ and ‘comprising’, will be
understood to imply the inclusion of a stated integer or step or
group of integers but not to the exclusion of any other integer
or step or group of integers or steps.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 77

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

<400> SEQUENCE: 1

cgetetgtgyg cgectggttt ccaagegget cgeggaccgg caccggcaca tgcataatta

accctcacta aagggeg

<210> SEQ ID NO 2

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial

60

77
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<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 2

tggatgtatc gtcegcaggac geccagaatt cacctgegac gtcctecaga tgcattaata

cgactcacta

tagggcetce

<210> SEQ ID NO 3
<211> LENGTH: 46596

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Cosmid

<400> SEQUENCE: 3

acaccggeca

cacagegget

tegeccagec

ceggeacegyg

agaccgtteg

tggCCgtggC

cagceggtge

cgctggeggg

agcgecateg

gacgccgage

atgeggeeeg

acggtectge

tcegegeage

tccagggeca

aagtccgegt

cecegegtget

aacggggtga

acgcegeagyg

c¢gggcgacgyg

aggtggccgg

agcccggtgg

agttccttga

geggegtgeg

gtgagettte

ccacggacca

aggtccagec

gegagegegt

gegecgecca

gtggecgggcea

gecgegtagt

caccggegyge

cgtecegete

gegtgecegt

agagcgectyg

acgcgeegte

ggegggcegte

cgteggecge

agaagtcgac

agcactecgec

acgcggtgte

acagcacgct

gcacgagcetyg

gcagggactt

geegetgety

cgaaccegge

ccggateegyg

gegegtegeg

ggtaccggca

cgggcaccgg

ccagggagcyg

cggcggacag

acgceceggec

agcggacgag

cggccagggt

geeggegeat

aggcggggac

cgggegtegg

ggtggcecggt

ggCCCtgggC

tgcecctgtec

ggCCthgtg

ctgccegtag

accgtgegec

acggatcacc

ctggttgatce

ggagagccgt

dgcggegaag

gaagacgtcg

getgegeage

cacggtgacc

ggcggagttg

ggcatagtce

cgggtcgatg

cgggtecate

gacgtccgeyg

gtggaagagg

ctegteggeyg

cgccatgecyg

cgecegtetee

cgggttgggg

Cngtthgg

gggggtcacyg

cgtgagcagg

gtceggtecy

cagcgcgggt

gacgacgggy

cagcggeaca

catgcegetyg

geggeggtgt

gggcgccccg

tgcccgatgt tggacttcac

gtggcgageca gcgcectgege

tccaccgegt ccacgtecge

cgctgetgeyg aaggaccgtt

geggtgeege gtacgacgge

tccacgagga gcatgcegge

gacttgcage ggccgtccac

ggggcggaca tgacggtgac

gectggateg cccagtgcag

gcagggecett ccaggccgag

ccgatgecga cgtageccte

tggcegttgy tgccgaggta

ceggegegtt cgacggecte

gecagegect cgegeggega

aggaagccge ccteecgeac

ccegegaggt cccagecccag

agcagccgece acaggtecte

acgatcgega tgggatcgte

tcggegegtt cgcecgaggag

tggtcgaaca cgagggtcge

agttcgacgyg cggtcagcga

geggtgtegt cggtgtggece

gtcegttege gtteegegge

gegeeegegg tggeggegeyg

acggcggtga CgCngtggC

geggageegg cggtggegeg

acgcegtege gggecegegeg

gegtgegece acaggceccca

geegegageg cgtccacgaa

aagaggccgg aggtggagga

cgaaccgage

ctcgatcggy

gggcgtgage

cggggccgtc

cagtacctgyg

geecteggac

ggccaggccg

accgceggece

ggcgaccage

gacgtaggcg

cgegeteteg

gacgcegacg

ccaggeggte

gatccegaag

gtacgacgtg

gtegtegggy

gggcgaggte

gteggegggy

ttcggecage

dggcaggcege

gtcgaagecce

gaggaccacg

ggtgagtccg

c¢cggacgggy

gaacgaggtg

gtcgaacagg

ccgcaggteg

cacctgggag

ggegttgece

gaacagcacg

60

78

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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aagacggccyg

dggcggagcea

acgceggegy

geggecagtt

gegegeagtt

aggaccagece

gtgceggtge

gtgggctegt

acggcgatct

cegtegatgt

ccccacacgg

tgggtgagga

geggtcagea

tgccgacacg

teggggcagg

teggecgegg

dggecggecy

ctgtegtegy

agcegggtgg

gggtgtacgg

gtctegtegy

tCCCCtggCg

cgggtecagy

gecgecgtecet

tegageggtyg

aggtcgagta

tgtcegeegy

aggcccaggce

aaggcgtagg

gacacgccgt

tegeggegga

acggcggccyg

agcaggccgce

cecggegtega

ceggecteac

acatgggecyg

gaccaggcgg

gggeegttga

gtggectegy

agecegegace

geeggtgegy

ccttggegag

cgtggacgac

cggtgeggte

c¢gecggcegag

ggcgtacgee

cgecggtgac

cggtgcgegg

cgggttegee

cgaccagcac

gegegtggge

cggccagacyg

¢gegecggge

gcagcacgag

aggggtatece

gcagcggeac

tggceggegg

tggcgtgcag

cgcccacggce

c¢cgegaggge

tcagectcaac

c¢ggcggcecgy

getggtegte

cgtteteege

CCtCCthgt

cggcgccggce

atceggegag

cggeggegte

tgggcaggtc

dgacggeggce

gggtgecegac

tcagcaccgyg

gcaccacggg

gecegtgtete

cgggccgcag

agtgggagge

ccatcacctce

dggceggegac

gcagggegac

gcagggegac

ggcggtgagt

cegetegggy

teceggteagy

ggcggegteg

ggtcacggcey

gtgcteggty

gaggacgacg

ggcgcggacc

ggtggcgagg

cagcctgecy

gaggteggtg

ggtgceggee

geeggegtgg

ggtgceggge

gggcagegga

gggegtecac

gegcagggte

ggtgaccgty

gtgcagggtg

gtcggtgagc

ggtcacgtcy

ggeggtgecg

gthgCgth

gcccagggtg

cagttecgecy

cggecageteyg

cggggtgacg

dgaggcegacc

gacgtggcgt

cteggegage

gacgacggcg

gtgcgggetyg

ctcgaaccgt

gccgaggggy

ttcggcgage

gtagtcgacc

gtccagegcea

gcaaacgcgt

ggagaccatyg

gatccgggeg

tcgtgcaggt

gtectgggagg

gggtgetegg

caggcggcga

tegggggecyg

accaggtggc

cegteggacy

agccggggtyg

acagcgggea

gggtgttecgg

acgtectegt

agtcgetegt

geegegecgy

acggtgteca

aggccgccga

tegacceggt

accgegtega

tgctegeceyg

acgccgtgec

agggegggge

gtcagetcga

gtgtgeggga

gcggggcggy

acctggagge

agegtectge

gtgceggecey

gcgccgagca

gggcegetygy

cegtegggge

gaggtgagga

gtcegetegy

atctccacga

acgggctece

ccgeccagca

gcggegegea

gcgatgegge

teggggtege

ceggaccacy

ccgecgegec

cegtecgeca

teccaggegge gtcegaccttyg

cgatgacgee gtegtecagg

cggtgatccg gtcgagcagg

cggtcaccte ggcegcecgagyg

cgtcgeegeg cegteeggece

gggcgcagag ggcgecgage

gccacagggce cgcctggcete

cgaggacccg gcceggagege

getgttgeag tgcegtegggg

cgegggegga geggatcagg

gctcgaccgg gaccgcgcecg

cggegageca ctectgaaga

cggtgtcgte ggccgactge

gggeggegac ggeggegagg

gcacggcgat gccgtcgacg

acagctcgtg gtegceggecg

cggtgagcac ggeggctecg

cggggtgcag gcgtaccege

aggcgccggg gaccaggcecg

gtacgcccceca gecgeceggceyg

cggtecacgte ggtgteeggy

ggaggacgee ggtegegtge

agtggacggc gaccgggegg

ggegggette gecgacggtyg

cgteggeege gtgeagggee

gcacgcgecce ggtgaacacc

gegggtgecce ggegeceggte

gccagaagcg gcggcgctgg

agcccacegt ccagtcgacyg

ggeggegegyg gecegtecteg

tggecteege cgtetectge

acacggcegty geeggagteyg

gcaggttgeyg gtaccagtag

gggtggagtyg gaaggcgatg

actcggette gagggacteg

gcagtegtac cecegteggec

cgctgaggac caccgacgac

gtgcgagccg ccgtgtgacyg

cggccagecyg cteggegaty

gegacagecac acccgcecaca

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200
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caagcagccyg

gaacgccaca

accegeteca

tccaacgceca

tccaccgeca

tcacccggca

gccgccagag

aacaacgccc

gtgtcgaggt

gagagcagcc

ggggectect

gcgeggegcey

c¢cggaggece

ceggegegea

tggcegatgt

gtggccagea

tccacgacgt

CgCthtggg

gccgagccgce

tccagcacga

gecttgcage

ggggtcgaca

gactggcegg

gcecgggectt

ceggtgecga

tggtcggtga

ceggegtget

gccagegect

aggaagccge

ccgtcgaggt

aggagetgece

accacggcca

gegeegtega

acgacgctge

daggcgaggy

teggegtgge

cgtteggegy

cgctgegegg

acgggcggcc

ceggtgecce

cgatetecee

cctecgecaa

acgccaccgg

cegeacacte

tcccecaccca

acccggcaac

aagcccgcege

gcgacgegge

dggcggegayg

acggcacccea

ccaggatgag

gecggteggt

agtcgatgtyg

gecgegageac

tggacttcag

gggcgttgge

cgacgtegge

cggagccgtt

ggaccacgge

ccacgcccge

ggCCgthgg

tgaccatcac

ccaggtgecag

ccaggccgag

gcagccecete

cgcecgegaa

cgaacgecte

cgcgegggcet

cctggegeay

cccagcecgceyg

acaggtegte

geggetegte

geegggtgag

tggccagegt

agtcgaagce

cgagcacggc

gggtcagece

dgagcgegac

agtaccggte

ggaagaaggc

ctgcgaatga

cgacaccate

atcacccagc

agccatcege

ctgcgcececcee

acccgacacc

accggccaca

aagggaccag

CnggtggCC

gcgeggegcey

gtgggegttg

¢gggggcecag

cggtgagggg

cgtettgate

cgagcccagce

ctcgatgggy

ggcggtgagg

gggggcggty

cagcacgggy

gcecteggac

dgcgaggecy

gccgcecggceg

ggcgacgagc

ggtgtaggcee

gtccacgeeg

gacgeeggtyg

ccaggegact

gatgccgaag

gtaggtgtgt

gteggegggy

dggcgaggcec

ggccggggtyg

cagatggteyg

caggecggte

gagggeggcyg

ggeggteege

ggccagetcey

gggggtggcyg

gegetggaag

ggtccagtcey

ccgaccacag

accgcccaca

acaccacgca

cccegegaaca

tgaccecggga

acaccctceca

tcagcggceca

gagaggtcca

tgcteggega

gegeegegeg

gtgcegetygyg

acggcggcgce

gegtecacgt

acgccggcca

cgcagegget

tegecgaggy

c¢cggeggegy

agcccggagyg

tggcecgttge

cagccgatge

CgCthngg

agggccagcg

gaggacgagc

acccggcecgg

gcgaccgcgce

gegetgecge

tcgaggaaca

aagtcggegt

ceggecceggt

aagtcgccga

actccegeegyg

gcgceggacgy

gtgagggcgyg

gecteggtea

aaaccgeggt

agccgtacca

tcgegecagg

gcegggggca

gegtacgteg

atgcgcacgce

ccgacggcac gacaccgtac

acaccggetyg aacgacatce

acgaccagcc cacgaacggc

ceggegacga atccagcaga

acacgaacac cacccggccce

ceggetecce cgeggecaac

ccaccaccege acgatgegge

cegggtccag gecggggtgg

gggeggecty ggagegggey

cgggegegge cggttecegece

cgccgaacga cgacacgccce

cggtgacgag ttcgacggag

gcagggtgeyg gggcactteg

cgcecegecge ggggeeggtyg

gtgcgeggte ctggecgtag

tggtgccggt gecgtgtgee

ccagcgcgga gcggatgacce

aggcgccgte ctggttgatce

ggcgggegtce ggacagecge

cgtccgegge ggcggcgaac

agaactccac gaaggcacgce

agcattegee getgegcagyg

aggeggtgte cacgctgacg

agagcacgct ggcgtagtte

cgtgccgtga gtegtagege

gcaggeegtyg cggatcgacyg

gcecgetgetyg cgggtecatce

cgaagccggce ggegtegtte

cegggteggyg gtegtagagyg

tgacgtcacg geetteggeg

ggaagcggca ggccatgecg

cggggeggge cgggacggge

cegggttegy gtggtegaay

gegeggtgeg cagecgcagg

geggttegat cgeggegggy

ggtccatgac geggtgeegy

gegtgecete gteggeggte

gcgggeggge cgetgegtee

gcaggtcegge cgggtggget

cgtgegtgtg cgecteggece

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600
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aggttggtca gcagggtegg caggccggee cggtegeget ggagggtgee gacgaccegeg 6660
gcteeggtet cegtgegete gacggtcetece tgggtgccga cggtcagtac ggggtgcgga 6720
ctgacctega tgaagecceg gtggecctgg gegageaggg cggegacgge gteggegtag 6780
cggacgggtt cgegcaggtt geggtaccag tageeggegt ccagegeegt geegtecegece 6840
cactccceeg tcacggtgga gaacagegga accgtgecct cacccggecg cacgecctece 6900
agatcagcca gcagagecte acgcaccgge tccaccagea cegaatgega ggcatagteg 6960
acagcgatac gcogggecog caccccccga cccccgeaat gagecaggaa ctectcecage 7020
gecacccect caccegegac gacgaccgac tcaggaccegt tgaccgcagce caccgcecaac 7080
cggecagece agcccaccaa cagctecteg acaccggacg geceggcage gaccgacace 7140
atcccceccac tgcccgecag cgccgtcaaa geectgetge geagggegac gaccegggeg 7200
cegteogeca gcogacaacac acccgcecaca caageageeg cgatctcece ctgcgaatga 7260
ccgaccacag ccgacggcac gacaccgtac gaacgccaca cctecgccaa cgacaccatce 7320
accgcccaca acaccggetg aacgacatce acccgctceca acgecacegg atcacccage 7380
acaccacgca acgaccagcece cacgaacgge tccaacgcca cegecacacte agecatccege 7440
ccegegaaca ccggcegacga atccageaga tccaccgceca tecccaccca ctgegeccece 7500
tgaccceggga acacgaagac ggcgeggecg tegecgacgg cgeggecgeg caccacgteg 7560
gecgactegg cgecttecge cacggeggte aggcceggcega gcagggtgte gtggteegeg 7620
ccgaggacga ccacgeggtg ttegaaggee gtacgggtgg tggegaggge gagggecacg 7680
tegtgggggg cggcgtegtg cgegggecgg tgggcgagga ggcgttegge ctgggegege 7740
agtccggeceg cegtecggga ggacagegte cacgggacga ceggcagggt geggtceegtg 7800
gecctegtegyg tgggeteggg ccgggcgggt gectgectceca ggatggegtg ggegttggty 7860
ccggacacge cgaacgacga cacgcccgeg cggegegget getececgee cggcecagtece 7920
cgctectegg tgagcagtte cacggcgceccg gcggtccagt cgacgtgcgg tgacgcectceg 7980
tccacgtgga gegtgcgegg cagcgtgcecg tggcgcatgg cctgcaccat cttgatcaca 8040
ceggecacac cggeggegge ctgegtgtge ccgatgttgg acttcaccega accgagcecac 8100
agcggcetegt ceccgectectg gecgtaggtg gcgaggaggg cctgcgecte gatcgggtceg 8160
cccageeggyg tgccegtace gtgegectee acggegtega cetggetege ggcecaggegg 8220
gcgteggeca gegectggeg gatcacgege tgctgggcga gteegttggg ggeggtgagt 8280
cegetgeteg cgecgtectg gttgatggeg gtgeegegga ccacggecag cacggggtgg 8340
cegttgegge gggegtocga gagecgttee aggacgagea tgcecgegee cteggcgaag 8400
ccgaaccegt cggeegecge ggcgaacgece ttgcagegge cgteggeege gagggeccge 8460
tgceggetgt actcggtgaa cacgeeggge gtggacagea cggtegecce gecggtgage 8520
gecagegtge actcccegge gegcagegag cggaccgega ggtgcaggge gaccagggac 8580
gaggagcagg cggtgtccac ggagagggceyg gggccctcca ggccgagggt gtaggegacce 8640
cggcecggaga gcacgetggg cgaggtgecg gtgacgacgt accectccag cteggtggece 8700
accgggeegyg tgatgtegga gtagtecteg ctgctgaage cgacgaacac geeggtggeg 8760
gtggagcgca ggccggecgg gtcgatgeca geccgetceca gggectecca tgaggtetec 8820
agcaccagcece gctgetgegg gtecatggee agegectege gegggetgat geccgaagaag 8880
ceggegtega agteegegge gecgtegagg aatcegectt cgegggegta ggaggtteceg 8940
ggceggtegyg ggtcegggte gtagaccgag gecatgtcee agecgeggte ggeggggaac 9000
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gecgagacceg cgteggtceee atcggtcace agecgccaca ggtecteggyg cgaggtcacyg 9060
cegeeggggt ageggeagge catgeccacg ategegateg gttegeggte gegggecteg 9120
gectegegea geeggegeeg ggcgacctgyg agatcegeceg tgacctgett gaggtagteg 9180
agcagtttgg cctcgtcage catcggtgca ccececcgtgeg gttegttegg cgegggtcac 9240
gagacgcccee ggtcgatcag gtcgaagagt tegteggegg tgacgecgte cagageggec 9300
cgctegggty tgcegteggt cgtgeeggeg tceccageggg cegegaggte ccgcaggtge 9360
gecgecaccee gggegeggte ggtgeegteg geceggcagtg cgecgagege getctecacy 9420
cgggecagtt cggcgatgat ceggteggeg ctegectege cggacteget cggcaggage 9480
gcgtegagga ggtggtegge gagegcggcece gggttegggt ggtcgaacac gatggtggtyg 9540
ggcagtcgca ggccggtgge ggtgccgagyg cggttgegea gttecacgge ggtcagegag 9600
tcgaagccca gttecttgaa gecgeggtceg ggtgccaccg cgtcegegtee ceggtgtece 9660
aggacgtcgg cgacctggece geggacgacg tcgagcaggg cgggggegeg ctegggegeg 9720
ggcagcecegg tgatccgege caccagggece gecgcaccegg gcaccgggeyg ggeggeggec 9780
gggecggeeg gggtggcegac caggcecgcge agcageggeg gggtgggcgce ggcggaggcyg 9840
gtggcgaggt ccaggcgcege ggtgacggte acggegtege cggtggeggt ggecgtgteg 9900
aacagggcca gtecttegge ggeggecate ggecacgatge ggttgeggee ggegegggeg 9960
acgtcggegg cgtccaggtg cegggtgagg ccggtggegt cggceccacag gecccaggece 10020
gcggeggtge cgggcaggcee ggceggcgegg cgccgttcegg cgagcecgegtce gaggaaggceg 10080
ttggcggcgg cgtagttgge ctgcgegggg gtgccgaggg tggcecgceccgce ggaggagaac 10140
agcacgaagg cggacaggtc cttgtectceg gtgagttegt gcaggtgcca ggcggegtceg 10200
gcctteggge gcagtacgcece cggcagecgg ccggcegcecga gtteggtcag cacgecgteg 10260
tcgagggcge ccgceggtgtyg caccaccgceg gtcagcecgggg ccteggeggt cagecttggeg 10320
agcagcgcegt cgagggcggce geggteggtg acgtcgcagg tcectcecgaageg gacggtggeg 10380
ccegecegegyg ccagttcegge gaccaggtcece gcecgetgecgg gggceggcegge gecgegecgyg 10440
ctggccagca ccaggtcacg ggcgcecegtgt tcggacacca gatgccgggce gagcatgccg 10500
ccgagcacgce cggcgccggt gatcaggacg gtgeccgtegg cgtacggggce gacggtgage 10560
acgatcttge cggtgtgceg ggcctgggcece atgaaccgga acgceggtgceg cgcgteggeg 10620
aggggccagg tccgggtggg cagccceggte agctcecgeccg ccteggegtg ggcgacgace 10680
tcggtcagca ggctectggac geggtegggg ccggcgtceca gcagcaggtce gaacgggagg 10740
tagtcgacac cgggcaggcce ggcggggtceg cggcggtegg tcecttgecgag ttccacgaac 10800
cgtcegecgg gacggagcag tcegcagcgac gcgtccacga actcacccegt gagggagtte 10860
agcacgacgt ccatctcegg gaaccgctgce gcgaactceccg tatccecgcecga cgacgccaca 10920
cgegectegt ccagaccgge cgcccgcage acctcegtget tgccgggact cgccgtegeca 10980
tacacctecgg cgcccagcag ccgcgcecacce cgcaccgegg ccatgeccac accaccggece 11040
gccgegtgea ccagcacccg cteoeccegec cgcaccccecgg ccacatcgeg cagegcgaac 11100
caggcggtgg cgaacacgga cggcagggcce gcggcgcegga cccaggacca gecggeggga 11160
acgggcacca cgagccgceeg gtceccaccacg gcgagggtge cgaagceccgcece cggcaccatg 11220
ccgaggactce ggtcgccgac ggcgaggtceg gtgacgtecg gggcgaccge gaccacggtg 11280
ccegeggect cggagcecgat cgcgtcegace tcegtccgggt acatgtcgag cgcgcacage 11340
acgtcgegga agttcaggec cgccgegcegg acggcgatge ggacctggece gggtgecagg 11400
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9999cggtygg
acgtcgacge
gtgagecggg
gceggcacag

gggtgctegg

tCCthCng

aaccggtegt

gcggceggega

gcgtcecgatgt

aggacggege

aacagcgegt

cgcagccgca

ctcagegtgt

tgcacggtca

gcgggeacgy

tcgacggtgt

cgcaggeect

cegtecacey

ggcteggeeg

gagtgggagt

cgcagggtca

tgggegegge

agcagggegy

cggecggtyga

tgcecteegy

cagtageget

tegaacaggy

gtcaggcgcea

cecegecgect

acgaagccgt

tegegeaggt

gtgacggtgg

agcagceget

cggeeggege

tegecegega

cagegeteca

cggccgggca

agggtgaggg

gccgcecggcea

agcaccgget

cgtcgggage

geccaggcegte

c¢gacgaggeg

cgtecaggga

tetgegegga

gecgggegge

cggegageca

ccacatcggc

¢ggcgaggge

agcgcgcggce

cgcgegtgee

gcgcggccag

cggegetcete

cgecggteca

cctgggtgac

cggggagttc

dgaaggceggy

ggaccggete

geteggeegg

dgacggegac

ggcegtegge

cgageccggtyg

tgcccageac

dgagcaggcec

cggtgaggcc

cgegetggaa

ggcgecagte

gceggteget

cggeggtetyg

ggtggccgge

tgcggtacca

agtagagggg

gecegtacgge

gcagccecete

cgaccagcga

gcatcegete

ggtcggegac

cgccggcgac

cgacgeegty

gcaccacgte

dgcgacggceyg

dgcgecgacy

ttcgecegteg

ggcgggtgtyg

gcgcaccagg

gacggcgtge

ctecgtgecage

tecctgtgety

ggtgctecagy

ggcgggtgte

dgcggeggcec

CtCCanan

c¢cgggceggey

ggtgaacgge

ggegtegage

gaccteggey

ccegtagecyg

agcgcccgcec

tgccaggacy

cgtgeggegg

dgggacgecyg

gCngCgtgg

ggtgtgeteg

gtectegtey

gangngtC

ggggtaggeg

gaccggcacg

ctegtegegg

ctgcatggey

ggcgagcaga

gtagcgggeg

cacgtegecyg

ctccacctgc

gtegtegeay

gegggggcetyg

gacgttegee

ggccttggeyg

gcaggeggceyg

ggagcgccac

gacgeggety

tcgacgecgt

ggcgggegea

¢ggagcgegy

cegteggtgt

ccccagaccyg

cgggtgacga

agttccagea

acgggagcga

dgcgeggcega

teggegtegg

acggcgcgga

ggceggecect

cgcacccgca

agcagcagcg

agcgecggge

tagacctegy

tagccgeggy

dggggecacyg

ccegtggegt

ceggaccegt

atgggcgegg

gccaccatet

gtcagecagy

gggagttcgy

aggtegeegg

ggcagttcga

cegteggegg

cgcagggtgg

accgtgagca

tcgetgateyg

cccagttege

teceggggge

ggggagtgeg

aggtcgagca

ttggcagegg

gcgggggcygy

cgcagcgcga

gegatcetege

accgeggeca

ageggceggey

cgatgctgee gggecggace

gegeggtete ageggecedy

tctgeggete gtegeegacyg

cgacgagcag gaaccggteg

cggeggegge cgggtegggt

tcgegagecg ggectgeceyg

cectgggeggt ggeccggtygyg

ggacgaggtc caccgcgecg

ggectteegyg teegtegece

gggtctgcca ggtcacgegyg

gctgcecgge cgacgeggge

cgeggteggt cgeggtgagy

ggacceggge cgggecggyy

gegegtecte gggeteggey

gcacgagatyg geccggeggtg

tgtececeggeyg ccacagggeyg

cggcgaaacg gtegtacacg

cgceggtete gggetccgee

gcecgggteca gecgtegecyg

cggegeegtg cacggtgacg

ccagggtcag ctectegate

ccaggacggc ggtgccgggc

ggtgcgtcte ggggctgatce

ccteggegge gagcagegga

cggcggectg gggggtgage

cegggeggge geeggtggey

ccacctegge cagtgeggtyg

cggcgacceg cagttcggtg

cggggtgcegg gctgatctce

cgttectggaa gagcacgggce

tgcegtegat ccagtcggeg

ggatgcectt gaggteggey

aggcgtagte ggeggegacyg

getectecag ggcatcegegg

cgatgcegag ceggecggge

cgacgaaggc catgccgcag

cggtettege ggegtegtee

cetgggagtyg gecgaccacyg

gcgagaccat gagcgcegaac

cgtectegge teegegcage

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800
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acgtccacga ccgaccagtce caggtagggg gcgagggcgce gctcegcactce ggccatgege 13860
gcggcgaaca ccgggtgggt gtcecgagcagt tccacgccca tgccgagceca ctgteccgece 13920
tggcecggcga agacgaagac gacgctgcecg tceggcteegg cggtgecgeg gacgacggee 13980
gggtecggege cgcccgegge gagcacgteg agcgceggcga gcagttegge gecggtcccegg 14040
cccacgacgg cggcgcggtyg ctcgaacgceg gtgeggeggg tggccagggt gaacccgacg 14100
gaggcgggct cgaggccggg gteggcggeg acgaactcge gcagcecgggce ggectgtteg 14160
agcagcgcegg ccteggtgeg cgcggacagce tgccagggca cggggagcgce accggecgge 14220
ggcgecgteg cttecteggg ttegggegece tccgecacga tcacatggge gttggtgecg 14280
ctgacgccga acgaggacac gccggceccgg cggggacgct cgceccecgggg ccacgggcgg 14340
gccteggtea gcagecgtac gtegeccggac acccagtcca cgtgeggggt gggcetegteg 14400
acgtgcagcg tcttegggag cagtcecegtge cggagcgcga gcaccgtcett gatcactccecg 14460
ccgacgecgg cggcggcectg ggcgtggcecg aggttggact tcagcgagece cagccacage 14520
ggcecggtege ggtectggcee gtaggaggag aggagtgccet gggectcgat ggggtcgcece 14580
agggcggtgce cggtgccecgtg gecctecacg gcecgtccacgt cggcecgggacg cagtcecceggeg 14640
tcggecagtg cctgeccggac cacgcegcetge tgggcggcege cgcteggcege ggtgaggcceg 14700
ttggaggcgce cgtcectggtt gacggeggtg ccgggcagca gggcgagcac cgggtggcecceg 14760
tttegeeggg cgtcecggagag ccgctcecage aggagcatge cgacgecctce ggaccagcecg 14820
agtcecgtegg cggecttgge gtacgagcegg cagcgaccgt cctceggacag gecgecctge 14880
ttggtgaagt cgacgaacag ctccggcgte ggcatgacgg tcacaccgcc ggccagcegeg 14940
agggtgctct cgcccgageg cagcgaccgce accgcctggt gcagggcgac gagggaggac 15000
gagcaggcgg tgtccaccgt gaaggcgggg ccttecagge cgaggacgta ggagatgcegg 15060
ccggecacca cgctggccag geggeceggte agggcgtgee cgtegecgece ttecgggatg 15120
ccggcgagca gcgaggagta ggactgggceg ttggcgccga cgaacacgcec gacgegtcecceg 15180
ccecgecacg agceccgggtge gacgecggcece cgctccageg cctceccaget ggtctecage 15240
agcagccegcet getgggggte catcagetgg gcectcecgegeg ggctgatgece gaagaagccg 15300
gcgtegaaca gggcgacgte gtcgaggaat ccgcegtgec gggtgcggcet ggcecgagggg 15360
ccgteegggt cggcgagggce ggcgaggtcece cagecgeggt cggcggggaa cggcgtgatg 15420
gcgtegeget cctecagcac gagecgecac agctegtcecgg gggtggtcac accgeccggg 15480
aagcggcagg ccatgccgac cacggcgacce gggtcgtegt cggcecgegeg ctgtacggge 15540
tcgtegtect cggcgageeg gacgtgecgg ccggaggcegg cgtcecgaccag gacgtecgee 15600
agggcgceggg cggtggggtyg gtegtagatg gcggtggtgg gcagcttcac gecggtgeceg 15660
cggctgagcece gcagcagcag ttgtacggceg gtcagcgage gcagtccgag ttccecggate 15720
gcceggteceyg geggtacgte ggeggceggtg ccgaggtcga gcacctecege gacctgtgte 15780
cggaccaggt ccaggacgac gcgccggcege tcegggttegg gcagaccggce gagcceggtge 15840
gcgagcgegyg gceggctgage agectteggg teggtcageg gcetcagtcat gggtggtcece 15900
ctccageggg teccggtgegt gcagtgcgga gacgggcagg ccgggttcegg cgagtgegge 15960
ctgtagcagce gcggcggtge cggccagcag gccgtccacg acgcegtcecgge cgagggcgge 16020
ggcgeggtgt acgacgtgte cggtgaggcec gecgtegggg tectcgacca ggtgcaccte 16080
gaggtgccag cgggcgtacg cctgttggec cgtgaactge tcgacgcggg cgccaggcag 16140
gccgagtteg ccgagttcga cgttgacgag ctggaacacg acgtcgacca gcggctgtte 16200
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ggggtccagg ccgaggcctt cgacgacgceg ttcccagggce agggcectggt gggegtagge 16260
gtcgagggceg gtgtcccgga ccegctecag caggcecggeg aaggacgggt cgcecgctgag 16320
gtcgacgege aggggcacga agttggcgaa gaagccgatce agcccctcecga ccteggeccg 16380
ggtgcggecc gccaccgggg agcecgacggce gaggtegtec gtgeccgecce agegggcgag 16440
cgtggeegtg aacgcggcca gcagggtcat gtagagggtg gcgtegtget cggcgecgac 16500
ccggegggeyg gtggcgacca ggccggeggg cagccgcecac tcggtcagca cgccggtgge 16560
gtcgtgggece gegteggcecg ggacgccecgg cagggcgagg ggccgcaggce cgtcecagecg 16620
gcggegcecag tggccgagct gggcegtcecgag cgcggctceeg gtcagccagg accgctgcca 16680
gaaggcgaag tcgccgtact ggacgggcag ttcgggcage tcggceccggac ggttcectcecteg 16740
tagtgccgeg taggcgcegg acagtteggt ccagagcacg ccctgggacce agecgteggt 16800
ggcgatgtgg tgcaccgtca gcagcaggac gtggtcgteg ggggcgatcce gcagcagtge 16860
gggcecgcage accggtceccce ggacgaggtce gaacggccgg gccgctgect cgteggceccag 16920
ggcgegggeyg geggtetegt cggccacgte caccgggtec agcacgatgt ccgtggeggg 16980
caggatcacc gacgccggcet cgtcgecggg cacgaagacce gtgcgcagceg cctcecgtgeceg 17040
gcgcacgacce tcggtcaggg cgcggcccag caggtcecgeg tcecagttege cggtgatccg 17100
cacggccagce gggatcgtec agaccgggtce gccggggtceg gectegtgca gecgecacag 17160
ccgcagetgg cccagcgaca geggcagggg ctecctgeecgg gacaccggca ccaggggcgg 17220
tacggcegtyg cgcggggceca cggcgacgac ctcggcgagg gcgcegegggg tgcggtgetg 17280
gaacagctecc cgcagggaca ccteggegec cagcgecteg cggatccggg cgaccgtgeg 17340
ggcecgcgace agcgagtgce cgccgagcegce gaagaagtceg tcegtcgatgce cgaccccgece 17400
ggtctccage acctcecggcga acacctcegca cagcgtcectge tcecgcaccgg tacggggtge 17460
ggtgaagcceg gtgtcgagcg tggtgcgcag gtccggggeyg ggcagcgcegg cccggtcecgat 17520
cttgceggtyg gtggtcageg ggaacgcgtce cagcgcgacg agcgccgacg gcaccatgta 17580
gtcecggtacg gegteggceca ggtgggegeg cagccegggec ggcagcccte cgteggtace 17640
ggggacgggc acgacgtagce cgacgagccg cttgacgceg ggggcgtect cgegggcecgac 17700
gatgacggceg cgggtgacct cggggtggcg cagcaggacg gcctcgacct cgeccagcete 17760
cacccggaag ccccggatcet tgacctggtg gtcgageccgg cccaggtatt ccaggetgee 17820
gtcgggceege cagceggcecca ggtecceggt geggtagagg cgggagcecgg gcgggccgaa 17880
cgggteggge acgaacttcet gegceccegtcag tteceggettg ccgacgtage cgcgggcgag 17940
tceggggecg gcgaagcaga gttcecgecgge cacgcccacg gggaccggcece gcagecggte 18000
gtccaggacg taggcgceggg agttgtcecgac cggctegcecec aggtgtgegg tccecggggceca 18060
gtcggcgacyg tcagcgggca gggtgaagga ggtgacgacce tggatctcgg tggagccgta 18120
gtggttgtgce agacgcagac ggggccgggce ggcgcagaac tcgcgcagca cggtgtccag 18180
cgacagcggce tcegcccgect gggagatgtg ccgcagcecgag gtgagecggg cccggecgge 18240
gccggectee teggcgagceg cgcggatcat caggttggge acgaatatct gctcegacgge 18300
ccgttegteg agccagceggg cgaagcegggce cgggtcecgegg cgggtcectect cggtggggat 18360
gaccagcgte tcgeccgtaca ggagcgcgga gagcacctec tgcacatgca cgtcecgaaggt 18420
gagggcggtyg aactgggcgg tgcgcgtgec gggtccgcee ggtaccgtcet tcecttetgceca 18480
ggcgagcatg ttgaccacac accgggceggg catggcgatg cccttgggca cgceccggtgga 18540
gccggaggtyg tagacgacgt aggcgaggga gtcggggcceg ggtegtecegg cggecgttge 18600
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cgegggegge tectgecegg ceggggcegte cacgaggacg agggcggtge cctcecggcgaa 18660
gacgtcecgeg tgagcecceggt cggtgacgge gacggtcate cgggcecgtegt cgacgatgag 18720
ccggatecgg teccegggggt ggctegggte gatcggcaca taggcggcegce cggcecttgag 18780
gatgccgatc agagcggcca tctgcacggt geccgegcectec aggcagaggce cgacgaggtce 18840
gtceggeceee acgecctggg ccegcagecce ggcggcgate cgctcecggect cgtggtceccag 18900
cgeggegtag gtgaggacgt cgtcctegca ctceccacggeg cgggcgcecgg gggtgeggge 18960
gacctgcteg gcgaacagct ccacgagcgg gacgtcccgg tacgggaggg cggtgtcegtt 19020
ccaccgctece agcagcaggce gecggtegte gtcegtcecage agcgagagceg cggacagcgg 19080
cgegteeggg teggcgaggg cggcgcegcag cagcaccgtg tggtgatgca gcaggeggeg 19140
gaccgtgtec gectcecgaaca gcgeggtgga gtgcagcacg gtgeccgecgca cccecggtcegee 19200
gtcecteggtyg aggtgcactt cgaggtcgac gegggtgaag gcegtgctegt ccagcagegg 19260
tteccaggegg gecggcgcecga ggcggtegece cttgtcececcg ggcecgeccgca tcagetggaa 19320
gaccacctgg accagcgggt tgcgggacag gtcccgcteg ggtgccaggg tctecaccag 19380
gtgctcgaag ggcaggtcct ggtggtccat ggcgcccacce accgtctege gcacccggee 19440
cagcaggtcg cggaaggtcg ggtcgcecgga gacgtcggtg cgcagcacca gcatgttgac 19500
gaagaagccg atcagccgct ccaccteggg gegggtacgg cctgccacgg gggcegcecgac 19560
ggcgacgtee tceggtgecgg cgaaccgtge caggaccacg gtgaaggcgg tcagcagcegt 19620
catgtagagg gtggcgccct cggtgtecgec gaacgcgege gcggcccgga ccaggtecte 19680
gggcagttec cacggctggg aggcgcceccge cgagcecggceg accgcecggggce ggggccggte 19740
caggggaagt tccagggggc gcagccecggce gagccgegcece cgccagtagg tgaggtaccg 19800
ctccagtteg gegecggtga gecggcecctg ctgccagacg gcgaagtcege cgtactggac 19860
aggcagttcg ggcagttcegg cggggtcgcec ggacagttceg gecgeggtagg cctcecggccag 19920
ctecgecccag aacacggedt gcgaccagcece gtccgtgace gegtggtgeg cggtgatcag 19980
gacggcgtgg tcecteggcecg cgaggcgcag cacgcegggceg cgcagcagcg gtceccccggge 20040
caggtcgaag gggcgcgegg cgtccgecte ggccagggceyg cgtacctegg cctegtegge 20100
gacgtcegtyg acctceccagge ggagceggggt cgcgggccgt acgacggcca taggctcecgece 20160
ggcgteggeg gcgaagacgg tgcgcagcge ctcegtggcecgg gagaccacca gggacagtge 20220
ccggecgagg gecgtcgacgt cgagcegggcece gtgggcgegt acgcccatcg ccacgttcca 20280
gaagccgetg teecggggtga gccggtcecag gaaccacagg cgccgctggg aggacgacag 20340
cggaagcgceg gcgcecgteee ggcgggcecgg ccggatgacg tceccecgtggecg tgccgggcecte 20400
gccgagggte tceggcecagcee ggcegcgggga gegcecegtteg aacaccgect ggageggcac 20460
gtcgggeeceg aagcgggcge ggatccggge gatggegcegg gtggccagca gcgagtgcece 20520
gcccagggeg aagaagtcgt cgteggegec caccgggtgg acgtccagca ccteggcgaa 20580
gatctcgecac agcaccecgct ccgecteggt cgcgggcggg acgtacccegce tcteggcecgac 20640
cgagcgggtyg tecgggcecgegg gcagggceccg gcggtcgatce ttgcecggtgg tggacagegg 20700
gaacgcgteg agcgcgacga acgccgacgg caccatgtag tcecgggtacgg agceccgcegge 20760
gtgggcgege agggcgggca gcacgctecge gecggectec ggctccagca ccacatagge 20820
gaccaggcge ttgtcgecccg ggatgtecte gegcacggeg acggtgacct gcgagaccge 20880
cgggtgcecge agcagcgegg cctcgaccte gccgggetcee acccggaage cgcggatctt 20940
gacctggacg tcggcecgegge cgaggaactce cagcgcgceceg ccgggcagcece accgtacgac 21000
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gtcgeccgta

ggcggtcagg

ttegeeegec

gttgtcgate

cgggaacage

gtgcgggtgg

gagcaccteg

gggtgcggge

cggttegacy

cagctegtag

geegttgete

gecettggge

cgggtegata

gatgcegteg

cacgatgege

cgecttgage

gaccggtteg

ceggtecagt

ggtgcgggeyg

cgtgtegtte

ggagaccggc

cagctggcgg

ctegtegecyg

gtcgaacgge

ctggaacgec

caccaggtge

ceggeccagyg

gttgacgaag

geccacggeyg

gagcaccatg

CthgnggC

cttgtecage

ceggegetea

ctggacgggc

cagggcctgg

gtegggggey

ggtggacagc

c¢cgegygggey

gaaggtggtg

cteggggtec

cggtacatce

thggCngC

acgcccageg

ggcgcgccga

gtggtgaacg

geggecatca

cgcageeage

aggcacatcg

tgctegtegy

gtggagatgt

cagcggegge

tegeegetygyg

ceggggtegg

gtgccgggca

thgthggC

acgccgagea

tcggegecga

tcggcgtagg

gectgetegy

caggcgacca

cggtegggge

acggtgtcgg

gtctegacgg

thgCCngg

acctgcacga

tcgaagggga

agttccecgga

aagccgatca

atgtcctegyg

tagagcgtgg

agctgecagyg

ggcagttcca

agcacctege

agttcgggca

gaccagccgt

agccggagea

teggeggagg

accggggegy

cgcagggtet

agcggteege

getegecegy

ccaggtagec

gcgecgggcey

tgggcacceyg

cggtegecte

cctgggegac

cgaagcactce

cggtgacgec

tggcgacgac

cggtggccag

cggcggccag

acceggaggt

tgtcgggece

CnggngtC

cecggggggte

cggeggecac

CgCCgtgggC

tgaccegete

cgtagagecg

gggtgeggtyg

cggcgageac

cgtcgaacag

cgtgcaccte

cgcectgeca

gegggttgeg

cgtectggty

aggtcgggtc

gegecteggt

tgcgggcgta

ctcectegeyg

gcagggtgcc

dcggggcegayg

cggtcageca

gcggggegcec

cggtegegat

gegtggegeg

c¢cegeggegey

cggegecgat

CgthnggC

gcacgegcag

ccecgecceccac

gegegecace

gagggtgteg

dgagceggceyg

ggtcgggeeg

ggtctegecy

catgcactce

gtgctegegg

gatctgetty

cggatagtge

cacgacgacg

gtagatgacg

dgggceecggy

ggcgatgacg

gegegggteg

catgceggtyg

cagcaggagg

gtcegecegeag

gggcacgcag

ceggteggte

ctegecgagy

gthgCCgCg

caggtccatce

ccagggecge

ggacaggtcg

ctcgacggeyg

gccggacagg

CthgCgng

ccgggacagg

dgcggegacy

cgececegeceyg

geeggecage

ggaccgetge

gtcegtacgeyg

gtggtgcacg

cagcagcggyg

tgcecgegteg

gaccgeggceyg

gacgaccgece

ggcteegecy

gggtceggea cgaacttete

cggggecege cgatgaccag

tcgaggacgt acacccgggt

agccggaage cgggttcecat

taggcgtegg ccacggtcag

gacacggect cgecgeeggt

tcggecagga ggctgaacag

atgagccggt cgaaggtgtyg

ccggtcagea ggaacggeca

agcagcacce gttegtggtt

ttgeggtggyg tcacggecac

tacgecegtygyg tgteggggty

tcggtgacgt cgaggacggt

acgcgcagee ccgaggtgge

agcggcacgt aggcggegec

gagegteegg tggegacgece

tgggcgaagc ggttggCCCg

atcagggcga cggcgtcggg

cegteeggea geggtgegge

tcgtcegagea tggtegecge

accaccgaca cgtggtgeat

tacaggacgg tcgecgccgac

cgggtgtacyg cgtggtcgat

cggggcgegt cggcgagceag

cgctegggge gcagecgtte

ccgaccaccyg actcccgtac

tcggtgegga cggcgacgac

gtceggeegyg cegteggega

acgagggtga acgcggccag

gecegggegt cceggatcag

gtggcgacgg cgggccgggce

cggecggtee agtagccgge

catacggegt ggtcgecgta

geggegatet cggcccacag

gegacgacga ggacgtggte

ccecegegtea ggtcegaacce

gegtegggta cgtcgacgat

ggcacgcegt cggcgaccegt

gacagggege cggccagecg

gaggtgtacg aggcgctgece

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400
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dggggcegage

gtcgeggtece

caccgaggcc

gccgaaggcg

tacgaagaag

gcacagcgcc

¢ggggeggge

gaggacgaag

ggeggeggtyg

dgecgggecy

gacggecetcey

gcggccgagg

catgcggetyg

ccggcecggceyg

gaacgggacg

gcegatggge

gaaggtggtg

gcgcacgcgg

geeggecagy

cagcgeggtyg

dggeggggcec

ggcgtegaac

ceggtggagg

ggtggaaccy

agccgtgteg

geeggegggt

ggegegggte

gaggaccgcg

gectetegggt

cagetgggeyg

ggeggectgg

ccgggceggcec

ngCngth

ctegacggte

cteggegtec

gaagggttcg

ctggaagacy

caccaggtac

gegttegacyg

gttgacgaag

tggtccagga

gcgggcacca

agggctegeyg

cgggegatte

tegtectegy

CgCthgCgt

agegeggege

gccgagggcea

thgtggth

tcaccgegea

acctegecgyg

aactccagga

cecegecggte

tagccgcggg

ggccgcagcec

acccggcecge

gtcteggtgg

gccacggteg

caggtgacgt

acgceetyggt

accacgacgc

gectgegggy

dcgagggegy

gaggtggaca

ggggetgtge

gcgggaccgc

¢gggceggecey

agcacggcga

ceggeteegt

taggtgaggt

gcggcgaaca

cggtecaggy

ggcteggege

tcceggtega

tcgecgaggt

geggtggtge

acctgggega

tcgaacggca

agttccgega

aatccgatga

accacatccg

gcggeggege

gggtgeggtyg

dggcgacgag

cgccgaacgce

cggtgcgegg

ggtcgacett

ccaggtagte

dgecggegcey

ccacgacggc

gctegacecy

CgCCgthgg

cggacgggtc

c¢caggcegegy

ggtegtegay

¢gggggecgy

ggcegtagee

ceggggacac

cctcctcgac

cggegacgac

dgcggecegga

agtgcagcag

ccacggcgceyg

tcacgtacge

¢ggggacgge

cgteggteag

ggttgeggge

cgaccaggty

ggccggcecag

gtteegtece

gctcgggcag

cegegtecte

aggcggegey

acagggcgcyg

agacctecag

¢ggggaacgg

gegggttgeg

cgtectggty

aggtggggte

gttgctegac

ctgctgggceyg

cgggtcggcc

ctegaacace

gegggtggeyg

gthgCgth

dgcggecagy

geeggtggeg

dggcagggcec

cgggacgacy

ggegtgcgeg

gaggccgcgce

geggeggege

dggcaggaag

gccgceccgacg

gacgtgggeg

gteggecgge

gttgacgacce

ggtgtegecy

cacgaggtcg

acgggcgagy

cagcagcggyg

gaccegttey

gtgggtcgtg

gaggcegtee

gegeaggtet

cagcagcgcyg

gtecgagegge

ggcggaacgt

gacatgggeg

gteggecacy

cgaggecteyg

gecegegteyg

cagcagggcc

getgtagttyg

gtccatgegyg

¢geggggege

ggacaggteg

cgecateteyg

gccgccgagg

cteggecagy

aaggacagcg gcagcagccg

gggagegegyg cgecggegac

tegegeageyg ggaccteggt

agcagcgagt ggccgecgeg

agcagctegyg cgaagatcte

ccggegtecg ccgtetecge

gtcagcggca gcgegtegge

geegeggegt gggegegeag

tgggegacga geegettgece

acggeggggt gggcggccag

agettegecet ggtegtegge

accacgtege cggtgeggta

cgeteggegy tggeegeegy

tacagttege cgggcacgece

cgggtgttgt ccagggggcet

gecgategggt ggagggtgge

gtcaggteceg ggtgggegec

ccgacgacga gttegeggac

aagaggcegyg aggtcagceca

geggegggte cgagggegee

gaccacagtt cgtaggtgga

tgggcgcege cggaccagceg

gegacggect tgggegtgece

gggccgacgg tgttcggcaa

acggecggea ggtgeteggt

gecaccggtgt cggcgaggac

aggtaggege cgecggectt

tcegtegeca gegegacgac

agceggttgg cggegeggte

gegacggegt ceggggtgeg

ggcageggta cgecggtgece

gtcategtca gecgggacag

gtcaggtgge gggccagecy

atcagtcect cgacgccgec

gtgaaggcge ggtcgeccge

geggegggee ggggcacgta

cgetegggga ccagecgcete

tccaccgagg cggcegcggac

teggtgeggyg tgacgacggt

ggceggeegyg cgaccggetg

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800
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dgcgacggceyg

cagggtcatg

gtcegecgge

ceggtegage

cegecgetea

ctgcaccgge

ggtcagcteyg

cagcagcagg

cttggtgagg

gtccacggeyg

cacgeecteg

cagcgecagyg

gttgtagaag

cgacagctee

cctegeegty

cceetgegte

atcacgctgg

cgecegecgea

acccgcagygyg

tcctggtece

tccagcacgyg

aagtcccagg

gggccctgga

tcgacgttca

gecteggegt

gggacgtcgt

acgacgcegt

cgectgetgee

ggcgatcteg

cgecteggty

gtagtcgegg

gecgagcagt

gtccaggteg

gegeggtteg

caccttetge

gtagttggtg

gaagtcgtee

getgtagecyg

gtgcgeggeg

gegttegteg

acgtcctegyg

tgcagggtcg

agccgecagg

ggcaggtcca

agcacggcgg

agttceggea

gcccacagcea

acgtggtegt

tcgaaggggc

tcggtcacgyg

tggtcggcga

gccagcagge

gegetgtecy

agcggecgge

cgctecegga

atcecggetgt

ccagggcgcyg

teggggcggg

tgaaggcgec

agcegegecc

cggcggggte

tgggggecge

agacgatgag

tgtggccgat

cggegecgte

cgtgegagge

cgcaatccte

ttgctteegy

cecegegegga

gegecctgga

ccgatcagea

thgCnggt

gtgtgttcge

acggacacca

tcgtactgge

cegeegtggt

acggcggcecyg

tagcgggcga

accteggecyg

aacgcgggcea

tgcgggegtyg

cgecectgecy

tgacgacgce

dcgggggeayg

gcgacagggt

gegegggetyg

ggccgtgcga

cgtcggcgag

gegeggecte

gaacgggcac

agacggtgcg

cggcgccgag

gcatcagecyg

¢gcegggggac

gccggttgag

ctcecegetee

gtgggtgecg

cttetectgy

cacgceggyge

gaagceggac

ggeggtggge

gggcgtgacc

cgececeggteg

cagggtggag

gggtccgtgc

gacgaccatt

ccggtacage

tggagcggtc

ccgecaccat

cgtagatgec

actcceeege

cggtggagtc

ccgtgggcag

dgcgggaggce

ggcggtagag

agcgcatgat

ggtcgaagac

acaccgegea

cgctetggec

gccggtgcag

cegeccgagyg
tgcggcegacy
geecteggeyg
geeggecage
acggcgetge
ceggeegteg
ccagcegteg
ccgcagcagyg
ctegeeggec
cggceteegge
cagggtcteg
cgggecgegy
gtcgaggaac
ceggetgatyg
tgccgagtee
tegteggett
gactcgetty
ctgagcettga
gegatetgge
tccagecgec
tccactgtge
ccgtagaceg
ccggagegea
ceggegageg
cggaacagca
geccagtgggt
ggacgttegt
cgggtegeac
ggacagcagg
gcaccggaaa
ctegtecegy
gtacceggty
gaactccacyg

gttcatcace

gccctggagg

ggcetgetty

geggttggeg

caccteggec

ggcgecgace

caactgggag

accgcgetga acgeggecag

geecgggcegg cggcgacggce

daggcgacgg ccgggcegggy

cggtectgee agtacgccag

caggcggcega agtceggegta

gccagggcgyg tgtaggccgc

gtggcgatgt gatgcaccgt

¢gggegegga gcagggggece

agcegetegyg cgteggecte

ggcaggacga cggcgccggce

tgcegggega cgacacaget

acgcgcacgg cggtgccgaa

cacagccget getgggcgaa

cecegegggty tegtgeceggt

agtcceggee gtegegaget

cggtgagtce geggtegege

cttecgaactyg ctegaccacyg

acatcgtcetyg cacggaatcg

ggaagtagtc gagggaggac

gggcggtgtce ggagacgatg

cgttcacgty gacggcgatg

tcggegagac atagccgtge

tceggegeca ctgegggtte

ggacggtgcc cgcggcgacg

ceggegegty ggtggecace

tgtgtcgcag aaacgccagg

acacttcage ccctgttece

cggecgeegyg tgatcegaccey

gtggaggcga tgcegtgggt

tcceeggtgyg tgccgagecy

cggagggcgc cggagacgcc

gegtacacga ccaggtegge

cgtacggegyg cggattectg

cgcagccgcecg gggcgcecgga

acgtcctegt cgacgacgge

acctcegggeyg gggcgaagta

aacgggctgg agtcggegac

tgcgggtage ggtccatgag

acgacggcecce dggceggggcegy

ctgtgecaga cgegttegec

25860

25920

25980

26040

26100

26160

26220

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720

27780

27840

27900

27960

28020

28080

28140

28200
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ggtcteegey

cegggegace

caccggeage

ggcccactygg

gaagtcgace

attgcgeatce

catccecega

ttcggattca

gacgtccagt

ggtcatatat

tcacctgega

tgggttatgt

gaacggaagt

CCgthgng

tggacggcgt

gcgaaccggt

tcegtegagt

tcggecagag

aatccggtca

cccacctega

tcegegagec

tctggaatgg

tgctgataca

ccectactte

ccgcatcaac

tcgcaagagt

cgtcatcege

ccgataggag

aaatcactgg

ttgtggtgee

tegggetgte

cecggegaata

thgngCgt

ggggcgtgeg

ccecagagece

gegagegegt

catcgtggea

gggcagggtyg

tacggtcege

ttgacggtga

cecctegggea

acceggtece

acaccggtygg

aggtagtegt

agcecggtect

gtggcgatgt

tgccagecga

tggagcgeca

acttctgatt

caaccgecat

cgtectecag

cgtagtcgac

gctecagete

cgtccageag

ccteggacte

cgteggecag

agaagggtgt

agccgcagaa

gctggtcgag

geegeteege

gettggaaac

gCthCngg

ccgacgacge

catcgacaga

cttecettgt

tttctatgeg

accgccggaa

cgggecectag

cctaaatcct

gggcgtttcg

gegtegggtyg

tctecaggac

tgcgaccgag

ccttgaccete

gggtgctgat

cgagctggga

gegegegtea

ggcggagttc

ccggegcegeyg

acgtggegec

gecgggggcy

cggcgageac

cctecacgec

ggtactcgat

tctectggag

ccttgagaaa

attccttetyg

cegecaggyge

cegggetetyg

tagtttttca

atgcgtgagg

gtgggccatg

gccgtaggag

gecegeatteg

caccctgege

ggCgCthCg

cgegetgteg

cagggcgaag

ceggteggac

cgectegacy

caggcgecac

cacataggceg

ggttaattcyg

aggcagcagt

ccagcegatt

ccegetatgt

ccggagtcaa

gegattecte

tcatgaggac

gtgtccgggc

ggegeegggt

caagcegtygyg

cegetteage

cegegecged

cttetegeceyg

gtcacttecge

gatgcgcgge

accgegtegt

ggcegegate

ttggggcgcyg

caggccggag

gtecgagegeg

gtactcgace

c¢cgggaggge

ataggacagg

ggacacctgg

cttetecagy

gagattcgeg

ctgegcagtyg

atggatgtat

gaacgegege

tcggcegatgt

gagacgacgce

agcgtgaacc

acggectege

tgcccgatga

cggaggtact

ggaaccacgce

acttcacgca

aactcecggeyg

agagcgtget

gcagcgetty

ggcgcgeccg

tgctgteccga

cattaggacc

accettttygyg

gegttggete

agatcecggec

cecgtcagett

aggccgcgceyg

tccacggete

geggtgaggt

tcgtacacceyg

ctcagegect

aagatgtagt

ctgcatcege

gtcegecccca

geggttcaac

atcattcegyg

aaggtcgtgt

gecgaggacga ggtttetggt

acgacctcac cggetteggt

aggtggttca gccggtegge

agcagggtgt gctggttgat

aatccgaaat cactggtggyg

agcgaggagce cccccaggag

aaaagggcect tcceggegge

gcaccgaate cgattceggt

gatgattgct ctgcgagcceg

cgtegcagga cgcccagaat

tgtaaaaggt ggtctggtac

ccageggecyg gatcteegeg

tggcgccgta ggcccggggce

agaaggtctt ggcgacgaac

cggecaggeyg gtacaggttyg

cctegtgeag gatgteeggt

gggtggagty gaagtacceg

cggacgcggg gcgtaggegyg

actgcgggac gcegtegecg

cegecatgtyg ceggtgecgyg

cggegteegt gtactegace

cggegatttyg gtcacgecge

agccgattte cacgaacttce

agctattttyg gttcggacge

ctacaagcca cccgcageac

gcagactcac cggaaattat

ggcagggegyg cttcaagtte

ggcgegtteg ggtgtgtece

gecgacggac gcetetttege

ggagcgceece aactgcecegeg

cgggagtect tcgacaggge

ggtcggcgag ggcggtgagt

tgaagatgac acggcagtgt

ccteceggaa cttegggetyg

cgegegagat geegtgtttyg

cegegegegg agtggtgegg

ggtgaactce gtccgeectg

gggtccaatyg gaggtcgega

cggggcggag ccgtcagtgc

cgtggtectt ggceggtggece

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600
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agcacggata

acggtgtagg

tccegeatcet

aggctettga

ceggecgtac

gegteggeeg

gacgagacga

cttegecgag

cccteacatg

cctegtetee

geegtecagyg

cagcgegteg

getgegagag

ccactetgeg

ggcggceccga

aaggcgtece

agctegececee

gtgacaacca

ctgtgacage

cegecgeage

ggctacggac

cggtacagca

aagaagccgt

cecgecgacga

agtgcettygg

gtgtgegtee

cecegeaggte

acacgggtca

atccggtega

ctgtcacagyg

gtcaggcggg

acggeecteg

agctggcgag

cacgegtget

tcececeggety

gCCtgggtgt

agcaggtegt

aagggagttg

ggngCtht

gegtggaace

cgtgccagac

tgcacaccga

cgeceegeagt

ttceggagtt

tggtgtagtg

aggagacgaa

caaggcgett

cgctetgege

ggcagaacta

gttgggggcy

atgtgcagec

tccaccgece

tccgagtgec

cegeceegte

cgagcagaga

aaaacgccga

cagcagcage

gattgtgacyg

ggactggect

tcaggggcgc

agacgtggat

ggagcacgat

tgatggagtg

tgccgatgag

cgatggegec

tttgctgtag

getecgegeyg

aaggtccegt

cggeggatte

tcatcegece

tccattcecte

gtgttatgga

gagggcgtge

cattcggegy

ggCCngCtg

cggggtctgt

gaaaggtgac

cggetgette

agctgaggat

actccagcag

gecettggge

ggCCgthCg

dggcgceaagy

gtceggecacy

ggeggtggee

caccacggtyg

ggacatgaag

accgcggegt

ctcaaccgaa

ggtattgage

ggtctgcaag

gcgacgtgag

ggcgcggcaa

accecgtaceg

atccagcacc

ttcegecegect

ggctactgte

ttcggtgatce

cgaaggtgga

agtgcecegec

cgceggtege

caccgagecg

cacgccgaag

catcgtgacyg

cgcgatgagg

gtggtgcecga

gacgaccgge

ttcctecgac

ggtgactggt

tcagtcecte

cggatcceca

taagccgaag

cgaggcagtt

acttcetgte

agggctgagc

gtggtgcteg

gtgcggtgcea

gattacgcce

atgggcgaat

tgcggtgegg

aacgceggegy

gaagtcgect

cccgaacteg

gtggcgctga

tttgagatct

ccggcaacga

tatcccectca

tgtgtacaca

gtactcagac

aggcgetttt

cttegtegeyg

gtacaccgce

cgacaccttyg

gtecgeggeg

gecegetgea

cccacaccga

accegttegyg

gtgacaccaa

ccgaatgeag

cgcagcacag

ggtcagcgcg

acgaccgegyg

atcaccttge

aggcagccge

ccgatgagaa

ggaaggcccg

gacatacgga

cgacccaccce

caaccttega

aggtcgeeee

getgecteac

ctcaggacgt

cggttgtcac

accggegecg

ccttecacgy

gtggccaggg

accgecettgt

cecgeagetet

CCgnggCtg

cegtectegy

cttecttgge cgagetette

tgcacgtgge ttectegaca

ceggecagge gagcacccge

aggtgagcga ggcgctecca

ceggettgge cggcacageg

cggetgegge cacggcegage

tagatgaccg ctactggtct

gectgteteg acggecctge

gecctgaget tgtcegttcaa

cgaatgtgge gtccagcace

atcaggacct tcagcagatc

geggecagea gegttgtgag

tcgteegece cgtaccgega

cagccggtee agctccacca

cgacgegegg catcccgeac

tcccacagga caggccggac

cggegggege gacagagecc

ttcggagetyg geccgetgac

ttcttgacag caaagacgga

tcggttcagyg gectegacgee

aacgctgtce ggtgaagagyg

cgatccatgt cgagaggtygg

cgagccagee gcecgagcaga

cegggtectt gecegggeatyg

tccaggcegat gatgcccacy

acgaggctee geceggggetyg

tatccgctee ggaacactce

ggcatccgat ccgteggecg

tggcgetega tcaaggtteg

tcggaaggeyg tccaccagag

agggtgctgg ggaccegggy

tctcacggeyg acgccggatyg

cgaggaggca tcccacttet

acgagccgga gttecceggge

cgaggcggaa gaggcggteg

cgatgecgac ggcgagggte

cgeggatgge ccgetggage

tcggggaggg ttCtthgtg

agacggcgta gcggacgaag

acgcactcag ccgatgggeg

30660

30720

30780

30840

30900

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400

32460

32520

32580

32640

32700

32760

32820

32880

32940

33000
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cgctegeaca

gggaagtgac

gatgcctegyg

ttgcgtcggg

cgccatatcet

aggagcagca

caaggcgggay

cgecgatceect

geggatettt

tcggtgcaga

gccaccaacc

accagtggag

atggcggagt

gecegetgga

aaggggeccc

geegtgeggg

caggtggaac

tcegeegect

gcgggcatgc

cggeccacat

gagcagttga

acggggageyg

cectggacygyg

gcacgacgtyg

ggaggcatcg

tggagtegte

ctgcecegggt

cggeggecte

ggCnggtCC

catgaggeeg

agctgaggaa

ccacgtggga

tctegecect

ccggagteca

gcaccaggcece

atcgecegett

tcggacaget

cgtgcgggtc

cgggecaget

geggecegge

ggcecgcaat

ggCgCangt

cgcegtgege

cgteegageg

tagcggcaca

ccatgeccag

ccacggeteg

cgtcgaagte

ccgaccggyge

tgcecgeccat

tggtggacgc

tcggtgaaca

acttccacac

cggtgatcaa

geggeggact

acatcggcac

tggaactgge

ggggegtgee

cgaagtgggg

tcgeccggaa

cacatgtgte

cggcggttgc

getgcaatga

gccatcaggyg

geccagtgeyg

gtggettegg

gtegetegeyg

cctegggtec

cgcecateeg

geegtegtag

gagcacagga

cgacccgaac

ctccteateg

aggttcegea

tcaaagccca

cccagtgege

accgcagett

dgaagcggag

ctcecgatett

agtcgggccg

gegetectygyg
cgcecgaacceyg

ggcgactteg

ctggecagte

cgaaacggceg

cagcagcgat

cgegettttyg

cgcccgggceyg

ctcectegac

gaccgagace

ggcgaagata

cacccgggte

caagcaggceg

gecegectte

getgacggta

ggccgcecggca

tggtgacctt

cgtgaccgeyg

agccggacac

gttgggcatce

tgattagggg

ccgcagaggyg

gcaggacage

ggtcgggegy

ctgetteege

agccegtecyg

tgggggaacg

tcgeectett

cacgagcaca

acgcteeget

tCnggang

tccteegteg

cecgeateege

cagcgagatce

cgacgagecg

tggttgatga

geegegeccyg

gCthgCng

ctecteggge

tgagcagtge

aagacggcett

acgcctgega

getteggega

atggtctect

ggcecegecy

accgtectygyg

gecgecaagg

atcgaggege

Cngngth

agcgtggact

gggggagtac

geeggetggg

atcatggagg

ttcatggaga

ctgaagcegyg

cacgecectee

cgcacgatgg

ceccteectga

gagtggaaca

ccgeteacca

tgtggcggca

cattgeggte

gcagaggggt

tacgggatgg

tgttcgegeyg

ggaagtacac

agtaccgcaa

cctegteget

cegegegeaa

ccgatageca

tgccatcgge

tccacgtete

accecggecga

ctcgaaaagg

accgagcgea

ggttcaggaa

cegeceggag

cgaggttege

agtccggaca

gccgacgata

cgaggagcgce ccggcegggtg

tgcgggcgat ctgctectygyg

cggcgaggat gegcetgatag

cgttgctaag tggegggece

ttttgtctet cecggecctty

tcaccggege caccggecag

tgccegtacyg tgcgetegta

tgggcgcegga actggtacge

agggggtccg cgcggtgttc

tcgegagega actcgeccag

ggcagttegt acagtccteg

cecgagggecg ctgggeggeg

cggtgcgtgg tgcgggtttc

acctgecect getggeacce

acaccgaact ggecttggtyg

gagacccega ccggttecac

agcagatcge gcagaccttyg

gegtggaaga ggeccttgece

acgtggtect ccageccgec

ccttegecga gtgggeggat

agggcgcgece attgaccect

ggggggcatc ggtgceggte

ggacacgaga tccctggagt

ggatgatgta gCgnggtgt

ggtgceggea gectgttegt

geegtgggeg ctggeccatg

ggacgcgggce gatgcggctt

ctcgttecag tcgagagege

cgectgecgee cgeggtecge

cctggectee geteceggaag

cagcaacacc ccgaccgcac

cctetecaccet tcacccateg

acgcacggat acagacgatt

tgacctcgeca cctecacegt

gaccaccgaa gacgaagcegce

agcggggtca cttctctaca

cggeggttge teggegecceyg

cgtegatgee ggceggcacga

tcctgacgge ctggegcact

ceggecegtee gaccgtegga

33060

33120

33180

33240

33300

33360

33420

33480

33540

33600

33660

33720

33780

33840

33900

33960

34020

34080

34140

34200

34260

34320

34380

34440

34500

34560

34620

34680

34740

34800

34860

34920

34980

35040

35100

35160

35220

35280

35340

35400
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ththggCg

cttececectte

c¢gggcgacgyg

gtgactcecgyg

attctgtggyg

catcccgaga

ccacgeggte

tgttcegeca

cgagcaggte

teggtggtgg

ggcectggtee

tcctgatcat

cgecectegac

gtagcacgge

tcggeggeac

acggegeage

gatggccgcg

cgteggegac

gtgcceccgac

ggcgcagtte

gttceggtecy

cectgggeceyg

ggtccagcag

getgggcetac

tgaagtagcg

acgcgtceatg

ccegggettt

atccagatcc

gagatcggee

tggtacctge

cctetgatee

gggttcggeg

acgtacgecc

gaccacgtge

gaccteggee

acgccgggga

caattggcga

ttecectgegeyg

gtggtcageg

ctgaccgtac

gcaggtagat

gtcagctgag

gettetggtt

atccgetgea

geegtgteag

atcteceegec

getegecgge

ctceeceegec

gecegetece

cegttgtgaa

cgctcaggat

cggattcggg

cgggacggtyg

gatggcecty

geeggteccey

ctcttegecey

cgggaccacyg

gagcggeage

gtegeggeag

cegeacggeyg

ggcttgttca

dgggaggaac

tegtgtgecyg

gtgcaggtcg

caccagccge

cegtttegga

gactgaagga

acgaagcggyg

cgggegagge

gtgaagggat

ccggaacgga

tcggegacga

agtacgtgge

aggcggcecgy

acgaggtgec

tgaccgtget

aatggaaggg

agcteggtge

gtgtcgacct

tcaagcgegyg

cgctgegeag

geegetgecy

ccegtectta

agcggagcaa

tegtecegeyg

tgcatcacgg

ceggtgggcyg

cceccagggeyg

ggagaggccc

cegecacgeg

geeggggegy

tegeecttge

acgaggtcgg

cegetegega

aggaactggt

gccagttett

agcatccggyg

dgggceecegceyg

tgcagatgec

gcagtgatca

cgcacggeca

gtCngCng

agatatttcet

geggeggecce

agttccaggt

atggtcagat

gcaacgttte

tgggccggaa

getegteegy

gaaggtcatg

catgteggge

ggtettegge

cgegeegget

ggcgccgatg

gtctecttte

ggtcaacggg

ggcacacgte

cgatgagtte

ggtgatcgac

cggcacccetyg

ccgacgcaca

tggcaggtat

tcgacttega

ggcacgtcag

acactecgege

cggegecaac

acctegtgee

agtccteget

cagcatcacg

cegecegget

tcaggacgge

ggctgaccag

gacgcagtga

cgagttcgag

aggaagccca

cegeggteac

gctectegta

cgatcaggge

gggtggcgat

ccaggtette

geteggecty

ccggagtgag

cgagcegttyg

ggccgaagtg

cctgeccgag

tgccgaaccey

cccgagaaag

gttetgeggt

gtgcacgegg

ccggecggga

gtggtccagg

atgctgeggt

tctgacctygyg

geegtgetcea

accggccagg

gCCgCngtg

atcgeggtgg

atcgactaca

accgteggeyg

ctceceggtgt

gatagattga tcgcaaggcg

tgcaggagce ggtccageta

cagagtgcte ggtgtgetca

acattttcce aggatgcccg

gctaceggac cgggegggece

ggcgageeceg aacctetggg

gecacgttee cactgegege

gegetegeag tactgecegca

gecegtcaag gtgctceegga

cgteggectyg gecategece

cttggcagee agccggaaat

gacgaccegg ctggggggdayg

getgegeega tegecgaceg

cttgtecteyg tagetctega

gectgeggte tcgaacgcac

cgacgegegyg teggcecagag

cagcggggtg gtgaacacgt

gtcgacgege ctgteggaca

cteggegteyg gggtaacgge

gacgtagecg atggcgatte

degggegygece cgeagcaggy

cegggtgece tggggggtge

gatctgacgg ctcagegeceg

ctggtgegee gccaccacgg

atcgttcace ctcegcagggt

gtcttggacyg gceccatgeegt

cgacaggcege gatgaaggeg

acgacgaggt gceggceteee

cgggcatcaa cccgecggac

tgaggccgge gctggagtte

cggtegetee ggacgtgecyg

tccecggatt cgacggecgyg

ctcacaagce ggccggtate

cggectggea gtacctggte

tgcaccagce ggtgccgatce

gagtgggcca tttegeggtg

cctecaagteyg gcacgagegyg

ccacgacgca ggccgeggac

geceggacgg ctcacgette

tcttegecga gtacgacccey

35460

35520

35580

35640

35700

35760

35820

35880

35940

36000

36060

36120

36180

36240

36300

36360

36420

36480

36540

36600

36660

36720

36780

36840

36900

36960

37020

37080

37140

37200

37260

37320

37380

37440

37500

37560

37620

37680

37740

37800
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gaagagacgg cgagtctgga catcaccgtc tcgaacattc aggtacgttc ccacggccce 37860
cagctcegecg agatcgggeg cctgttegac gagggcacac tccgggtcegg ggtggacage 37920
acctacccge tgtccgaage ggtcagcgca cacacgcgag ccgcgcaggg ccacatccaa 37980
ggcaagatcg tgctgacggt ggcctcecgtga tcgccgaaac tccagcaggce ggtggcgaac 38040
tacgcccacg ccttggacga gttgcatata cccgagetgg aaacggtcect ggccgaagac 38100
accacctgga ccgtcacgat gecccggacag gggatgctceg gecccecgtege cggacgcgeg 38160
gcecgeggegyg tgctcecgactt catcttcatce ccccecgtgteca gecteggtgag cggtgtceccca 38220
gaccggceceg ggacctcage agttgcccag ccgacccgat gagegcegggce gccgagttge 38280
ccgcgagcag ccgcggcegece atcttgacgg gcaggcccag tcgegetgece gegteggatt 38340
cacgceggtt tectegggte getgteggee aagtcagegg tcattgtgece acccgtceccca 38400
cttcggaaga cgctgaccge cgctcecccceg atcctggatg cggeggettt cacggcacge 38460
tgctecegetyg cegtgccgac gaggtcetceceg gacggctgag ccgtgetgeg catgecgege 38520
cgecteggeg accgatcgece gegcagegte agatgcgecg gactttcecgece acggcaaggg 38580
cgtcecgegac ctceccececggacg acacgcetteg cgtegteggg gcectgttcacce acgtceggtge 38640
ggttcatgtc gatcacgagg acatcgctgg cggaatagtg ctcgtgcacc cagtcgtcegt 38700
acccggecca aagcgtcegg tagtactcga cgagactttg gtectgcecteg aagtcacgece 38760
ccegecagtee gatgeggege agcaccgtcet cgaagtccge tctgagatac accatgagat 38820
cgggtgectt gecgatagggce aggccgtcga tctcacgcat catcteccgeg agcaacccct 38880
cgtacacctg catctccagg gaactgatce tgccgaggte gtgattgact ttggcgaagt 38940
accagteccte gtagatcgac cggtcgagga cgttgtegte ctgtttgtac gectecttga 39000
tcgecggegaa tcgegtctge aagaagtaga gctggagaag gaagggatag cgcttegeccg 39060
ctatcteccte aggaccggceg gtgtagaaga gcggcaggat cgggttgtce tccacgetet 39120
cgtagaagac catgctccecce agctcectttgg cgatcagcecte ggccacgcett gtctteccga 39180
tcecgatcat gecgecgacg cagatcactg ccataccteg cttetttece gggacaccgt 39240
ccgegggege gattcccecgeg caccggcetcet tcecacggcac acgcaccgece geggagcgca 39300
gtcgtggaag cgccccaggce gcaggtgacg agcecctggcect ccegtcecggacg accgaagcegyg 39360
catcatatcg gcacggaggg gtgttcgaat ctacgtgcte gtgccctgga tggaagacgce 39420
tggtgcaccg ggtagcggga tcatcggagg tgatcatgta gcgggtgggce ggaacgacgce 39480
ggaacgacgg agtggtggga caggggccac tgacgcacgt atccgcagcc gcgetggagt 39540
cgccgaccte cacaggttca ctctcaccgg tgaccaagga aagatcgccce gcatgccagg 39600
ctegeeceget cctcecccgga acagcecgcegta caccgatcag gagaacgacg ccgcgacccee 39660
gagcgagcag ccgagcectgt gtggacgceg aacgtgtcgg ttaccactcg acgaccagcce 39720
ttgacacacc gcgcgtcecgeg aggccctcecee gccatacgag ggectegtece ceccggtgcega 39780
gtcgcaggee ggggaagcge tgccacaagce gggtcagcge gatcttcatce tggagaagaa 39840
ccagtggcgce gceccatgcac cggtgggcge cgtgtccgaa tgtgaggtgt gcaggecgge 39900
gggcgctget cttegcacce gatgtgcaaa atacttcgge gtcatgattg ccgtgcagca 39960
acgagacgat gacggcctcect ccttggcgca ccgtcecgtece gecccaggaca aggtcectcga 40020
tggccactcg gggaaaactg ataggtgtgg acggcgtcectt gcggagcage tcctcaacca 40080
gatcctcecac ggattgeccg tcgagcecgegt caccggtgag cagttcgagt atggcaagge 40140
tcaattgatg ggcggtggtc tcgtaaccgg ccatgagaag tgccagtccg aggttgatca 40200
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actcgatgeg

gcccgggcegce

tatggeggec

cgtcegaaaac

gaaggggcega

ccagcagtge

tgaacgctge

tcgagttggg

ctctgetgag

acatgtgatc

dgaagggcegy

cctgtteggt

acgacccatce

gecegetgtt

ggcggacaga

tcagcgeatce

ggcaccgaac

tegetgtgge

cagcggegte

cgageggecc

gaacgtcegyg

gggccacage

ggtgaagtce

gegecagtgeg

gaacttcatc

gagcceegece

tceccacgacy

tceggeaceyg

ttcggtgaac

gtaaccgage

gttcceccacy

ngCCgthg

tgtccgaagy

gecgcacgaa

tgtgttgegt

c¢gaggeggec

cgggtgtgtc

tgatcaccte

caccggtege

cgtacceggt

ggatatctca

atccctettt

tcttetgegy

gggecgcetee

agcataaccyg

gthgngCC

tceggegace

tgagaggtcg

acgtgtgteg

accagtggge

cagggggecey

cggaaacgec

gggtggcgge

cggtetgeac

ceggetgecyg

cegeegtege

tgcgteggec

agggcgtcgt

gegatctege

gcgaccggceyg

gtgaggcggyg

gegtagtact

atctegtgea

gatgcgggat

ggccaggtga

tcctgtgeca

tgtcegeegy

atgtcgagga

ggcgagatcg

aggtatgegt

gcaggtggcc

gtgtggtecg

¢ggcgyggegy

ctcgategtyg

cgtggcacga

tcectegteg

ccgcacgace

tttegtgegy

caaccagccg

getegtgacy

cccgactget

ctttcgatca

gttcecctgag

geegecggcea

ctgaccaggt

tcctegatca

cggegeagec

acggatccce

dcgagegegy

atccgcacce

accectgtggt

geggggtgte

cgggtcggge

gCtgtthgg

gatgttecgte

ggcetgacge

cgtegacctyg

caaagcggag

ggcaggtggt

tccaggtgge

ggccgaagte

cgteccacte

tgacgacgat

cgggcaggta

agtcggecag

ggatcegege

gecegaccag

cgcteatecee

cctegttetyg

cgtgegecat

agggggctcc

gtgttccggg

cgcagagect

tcgggtgtga

cggetegect

ctccagatct

gectegatgt

cccacgatgt

cceggaagga

gacgceccece

caacccgcac

gtgaggacat

gegtcatgte

cgcecgageag

ngCgCCtgg

cegetgectyg

gggcgtggte

atttcggage

cgegecccac

gtttgacgge

gatcgaaagt

tgtctecect

gagcgggctt

ctgeccegget

acgtagcgeg

gttggacgce

cgectetgegy

gtggtecgge

getgagecag

cactteccgge

dgggacggcyg

cggcagcggce

ccegtecggt

catcaggatg

gtcegegget

cttgtggacy

ttgggcggcc

cggacgtact

aagggtcage

gegaggecte

geggtgtetg

tatgtcacge

tgccgetgga

tgcccagete

cgtegtgeceyg

geteggecag

cgctegecca

acagctegec

ggacgcgacg

ggacctcgac

cagcgegete aggagatcect

gtacttgata agagtcagga

gaacagcgca gtcacggegg

tgagctcaac gcgaccatgg

cccegecaace tgtagecgat

tgcggtgact cgggcgctgg

cgcaccgtee agactcatga

atcggggtgg gtggecgeag

ggcgtagteg gtgaccagece

ctcacttgat ggcgcetgeca

gecggacatyg gtcegattact

gccgceccgacyg gccgtgggag

tttccacege ccggaaggceyg

tcggeggaca gaccggettt

cacggtgtgt tcectgecte

tgtggtctca gccegagegty

gacaggacga ggtcccggag

accgtgacge cggegttgeg

ttgaggaccyg cgggatctee

tgccggaggc cggcgtcgag

ceggecgeca ggaaggggece

ggacgtgacg gcgacgtgtt

ttcagcaggg acgtcagacg

tacctgcega ccaggacgte

tcgtaccgeca ccgagtecge

gtteeggggt cgegetegat

agcagagaga cgtatcccag

ceggecgace gcagggtgeg

ctttggtget cgctatcgga

cagggccggt cgtgcgggga

gagcactgag tgccctgtag

accggagegg gacatgtacg

ggtgegtgeg atccegecge

ggccaccaca cgtgegegga

cgtegteteg acgacgagec

gacgccgtgg acgaggaggce

gtggttegeg ccgaagacga

gtegtgecac aggcccaggt

gctetetteg gggtggeggt

ggcgeegace gtgecgggcea

40260

40320

40380

40440

40500

40560

40620

40680

40740

40800

40860

40920

40980

41040

41100

41160

41220

41280

41340

41400

41460

41520

41580

41640

41700

41760

41820

41880

41940

42000

42060

42120

42180

42240

42300

42360

42420

42480

42540

42600
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ngCngth

cactgaccag

tcagttegte

cegecagggt

cgggcgcgaa

tcaccgegat

ggacgtagcg

cceggateca

cgtegtgeag

gccaggtgca

cggeegecac

tgtactgaac

ccaccteegyg

gcagcegggcyg

cggaggtgcg

cegegacege

gcaggacgag

cecegecegge

gcagcacgtyg

gggtcacgac

cteceegeacy

ctecgatctee

atcggtgtcc

gacggtctgt

gtgaggcegg

geegggecegy

gtegtegtee

gtegtgetgg

catgceegec

cagcgcggceyg

cgcacggcag

ctcegacaca

gttcatcatg

cgegtgette

gtgccgggat

ccatteeege

ggtgaggaag

cteggtecag

gaggtagtag

ttcgaccgag

geegetegeyg

ttcgecgacac

ceggteggea

cgecteegec

acgcteggeg

gcgcecagegy

gtagccggag

gtcacccgga

cagcggtgte

gecgacgteg

gttgeccgtgg

gacggceeggy

caccaggagt

catggccgga

ccggagatag

gecegecgece

ggcgaccege

ctcggegaag

catgcceegt

agcggtteeg

gtgctegtet

agcacgatct

acgcccacct

tcgatgtegyg

cgcgtegggg

c¢gggcecaggy

gccaggagece

atggtctega

gggtgcttga

gcctgatggg

tgcegggect

tgggeggcega

agggtggcgg

gaacggagtg

tcctecgeac

aggaagttgt

tccacggtec

tcccagegeyg

tcggtgtaga

gtggtgaacc

gtggtgagce

ggcccggcegce

cgcagcacct

agtccgtagg

aaggcgtect

gagagatcga

tcaggagcca

ctgegcaggt

aagaaggaac

gtcetggega

ctgagcacga

tccgacgecyg

acgtcgacceyg

gecegtceagcea

gCgthgan

agcacgccga

tegecgggte

aggtcgetgt

ccggagectt

tgceggecte

cgaagacgat

ggagcgegtyg

cctegacace

tgacactcge

¢geggceggga

cgcgcagett

ggacgatcga

tacggcggat

cgecegttget

ccggateget

CgthnggC

gegecttgta

agcgcacgte

agaccccgat

cccattgeag

gagcgeceggy

gttegtegag

tcgtetegaa

ggtegteegt

cttegggege

ggaccteggt

cggacggceac

tggcegggeyg

ccggcaggaa

gaagcegecyg

dgecggecgy

tggtgaaggt

agtccteegyg

cgatcaggec

geegtgtgee

cgeecegegy

ccegegegac

dgcgggegcec

cggteegtac

acccgaaggyg

agaaggcgcyg

gecacceegeyg

aggacagcge

gtgcggcgac

cgcgatcace

geggtectee

gatcgagteg

gatgcgcagt

ctgtgacatg

ggcggacgcc

ggctttgatyg

catcaccttyg

gCngCCgtg

acggtccgeyg

gtcgcacagt

caggagccge

dagggeggac

geectgegga

ceggtecagy

tgcccaggag

tagggtgccg

catgcegtge

ccagtcgaag

catcagcgeg

caccgeggeyg

acgccgcace ggegttececa

cggtacgtaa cggccceggt

gccgagggga gggaaggega

gacgttcteg gacagtceegg

gtcgaccgge teggegecegt

cggegecgeyg tegegectca

cgcecceccage cgecccatgg

tgtcagcaga tggatgtcga

catgtcgtgg aagaggggca

atgggcgatyg gccgecacce

ttcgetgete gtgeccgacy

gtgggecgeg gacggcetcegg

gtcggacagt ccaggaccga

ccgagagcgg cgcagggccg

cgcgggaccg ggcagcggca

cgcgaagtee accgacgteg

cgacagcage cccgeggeca

gtegeegtee tggeccegge

geggecgage geggcegaaca

ttggtgatcyg cggccgcgaa

acctcgatgt cgtagtgetg

aagcgeggca aggagcgcag

tgctceggega cggatcggeg

gegtggtgtt gtectgttet

gggactgacg gtcagcgagce

tccegegggyg tetccaacga

gegteegegyg cgtccaccga

gatgtggaat gcgggtagaa

agccagatgt aggccatgeg

tccegecatga agacggagaa

cagattctge ggatcaccgg

gegegtgact ccgagatcac

tacggctete gtttgtagag

tagcgggect ggaccagtga

gagaagctga cctegtectg

aactcgatga cggccgecte

tcgatgeggt ccaggtccac

atcttgttga aggtcatgtce

cggtgegece gcagggecag

ggceggacga tgtcctegac

42660

42720

42780

42840

42900

42960

43020

43080

43140

43200

43260

43320

43380

43440

43500

43560

43620

43680

43740

43800

43860

43920

43980

44040

44100

44160

44220

44280

44340

44400

44460

44520

44580

44640

44700

44760

44820

44880

44940

45000



105

US 9,271,977 B2

106

-continued
gtccagtget tceccgeccage cgggaaccgg gceccgecgta tcegggcccga cgacgtacac 45060
ccgggtecgg ttgaactteg agtgcgaccg cagcgcccgg acggcgggca geggcetegge 45120
gtcecgeceeg atccacaccg ccgegagete ggatgacggt tcgaactcegt gcaggtageg 45180
gtgccagteg gegtgtgcecg gcecggtecac ggtgacgteg ccgaaggcgg ggacggtgag 45240
ccttteggeg ggggagactg cggtggtggg tgccagcagg gcgatggtgt gegggggcac 45300
ggagggcgte ctetetgtceg gtetgcgecag gecgteggeg agcaccttge cgegegttgt 45360
gtggggcteg gcteccgtaac acgtgcgtge cgcgacgtca gageccgcceccg tactccgegg 45420
cagggccgag gagtacgggce agcgcectcga tgctgttget gacgaacgag ggcacgggcece 45480
gcacggteca cgtgtcggac ggggccagcece gcacgtcggg gaaccgggtg aagaatccgg 45540
ccagtgceccgt ctccagctgg agacgggcca ggtgtgtece gatacagaag tgcgggccgt 45600
gcccgaagee gaggtggcecg gcectgecegece ggcggacgte gaagaggtcce gecgteccggee 45660
cgtggtgege cgggtccegg ceccgecgage cgaaggacgce gaggatgget tcectccecccggt 45720
ggatcgtetyg gecggcgatg acgacgtecct cggtegggta gegcatcggg aactggttca 45780
ccgegeegtt ccagecgcatce gtcectectcecga ccaccgcact ccacgggacce tccceggcge 45840
gggcggaggce cagttgctcg gggtgggtga gcagegegtg gcaggcecgttg acgagtacgt 45900
tgatgacgct ctggtggccg gcgaagaaca tcagcaggat catgccgtge agttcegectgt 45960
cggtgagccg gtcegtcecteeg tectggegtg ccgtgagcag gacgctgatg aggtcegtcce 46020
gggggacgtc gcgacgttcg gcgacgatct cccggagcag cgcttcgatce cgtecgtcecga 46080
tctectggac ctgttegggg gagttgtteg tacgggtcetg catgcecggtg agcacgtgca 46140
gcagacgceceg cttgcegetge gggatcccca gcaggtccga gatgacggtg gtggggatgg 46200
ggtaggcgaa agccttgcgg agatccaccg gecggtcectte cggeccgtgtg gecgagetggt 46260
cgaggagccce gtcgacgagg cgttccaccce ccgggcgcat ggectccacce cgttecgggg 46320
tcagtgcectg gtcgaccagt ccgcgcagcece gccggtgate cgcgeccgtge gaattgatga 46380
cgetgteggt cgcgacgaag cccatcaacg gccaccegte cggcactteg cecgcgggcecceyg 46440
ctgcctecca gtgcecgtgatt ceccttggcga ccecctgggate cgtcagcact cggcgcaggt 46500
cctegtggtyg cggaatcgec cacgceccgca caccgceggg gagttggacce ggaacggcte 46560
tceecegecge ccgcaggegg gegtteteceg cgtget 46596
<210> SEQ ID NO 4
<211> LENGTH: 37
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 4
cagagaattc gcggtacggg geggacgaca aggtgte 37
<210> SEQ ID NO 5
<211> LENGTH: 39
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 5
gegeatgeat gtgceggtge cggtceegega gecgettgg 39



US 9,271,977 B2
107 108

-continued
<210> SEQ ID NO 6
<211> LENGTH: 40
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 6
cctecatgeat ctggaggacg tcgcaggtga attctgggeg 40
<210> SEQ ID NO 7
<211> LENGTH: 33
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 7
gggcaagctt ctecctggetg agcttgaaca teg 33
<210> SEQ ID NO 8
<211> LENGTH: 3994
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: DNA fragment
<400> SEQUENCE: 8
cagaggatce gcggtacggg gecggacgaca aggtgtegtt gecgegeegyg cactcggact 60
ctegeagect cacaacgetg ctggecgegg cggtgtaccet cacgtegegyg geggtggacyg 120
acgcgetgga tctgetgaag gtectgateg cgacgaaget tgcagaccgyg ctgcacatce 180
tggacggcegg tgctggacgce cacattcgaa aagcgcectge tcaatacceyg cccccaacgg 240
agacgaggtt gaacgacaag ctcagggcegt ctgagtactt cggttgagta gttctgecca 300

tgtgagggge agggccgteg agacaggetg tgtacacaac gecgeggtge gcagageget 360

cggcgaagag accagtageg gtcatctatg aggggatact tcatgtccaa gegecttgte 420
gtctegtege tegeegtgge cgcagecgte gttgcecggea cegtggtgtt cgtetecteg 480
gecgacgecg ctgtgeegge caagcecggag atctcaaagg ccaccgecca ctacaccagt 540
acggceggtyg ggagegecte getcacctte agegecaceg tggecgacaa ctecggaatce 600

aagagcctge gggtgetege ctggecggeg agttegggece ttgegeccac ggegggegag 660

atgcgggatyg tcgaggaage cacgtgcaag gegactteeg cgacggecte ggtgtgcace 720
tacaccgtga agagctegge caaggaagcece gecgegttge ccaagggegt ctggcacgta 780
tcegtgetgg ccaccgecaa ggaccacgac acgacctteg cgccccaagg cgccacgtte 840
accgtcaage actgacgget cegecccgece ggaatgatga tegeggecceg cgegecggge 900
ggaccgtate gcgacctcca ttggaccegt tgaaccgcac gacgeggtga actcegecca 960

cectgeccca gggceggacgg agttcacctyg ggggegacge cgegeatetyg acgegegetg 1020

ccacgatgece gcaccactee gegegeggge ggatgcagge gaagtgacte ccagetcgac 1080

gegetegeca aacacggcat ctcgegegac tacatctteg gegagaagat cagcacccegg 1140

gcgcggggca gcccgaagtt ccgggaggag gcgctgaggg cggcgcggga ggtcaaggcg 1200

cacgcccecac actgeccgtgt catcttcacg gtgtacgage ggaagcggcet cggtcegcaac 1260

gecgecgaac tcaccgecct cgeccgaccac ctcaccgece acggettggt cctggagata 1320

ttcegeeggge cctgtegaag gactcccgga gecgtggaac ceggegecca cccgacgega 1380



109

US 9,271,977 B2

110

-continued
cagcecgacg cggcagttgg ggcgcteceg cgeggectge ceggacaccyg aaacgceccgg 1440
caccacaagc gaaagagcgt ccgtcggcaa getgacgggt cctcatgaag gatttaggece 1500
agtgatttgg gacacacccg aacgcgecgg ceggatctga ggaatcgect agggeccget 1560
cctatcggga acttgaagec gecctgecga gccaacgcett gactceggtt ceggeggtgce 1620
ggatgacgat aatttccggt gagtctgccce aaaagggtac atagcgggcg catagaaaac 1680
tcttgcgagt getgegggtyg gettgtaggg tcectaatgaa tcggctggac aagggaaggt 1740
tgatgcgggce gtccgaacca aaatagcttc ggacagcaac tgctgectte tgtcgatgga 1800
agtaggggga agttcgtgga aatcggctcg ggcgcgeccg aattaaccge gtegteggtg 1860
tatcagcagce ggcgtgacca aatcgecgca agegetgeceg cctatgtgece cggegagece 1920
attccagagg tcgagtacac ggacgccgag cacgctcetgt ggcgectggt ttceccaagegg 1980
ctcgecggacce ggcaccggca catgcatctg gaggacgtceg caggtgaatt ctgggcegtcce 2040
tgcgacgata catccattga aaaactaatg gcggttgata tatgacccgg ctcgcagagce 2100
aatcatccac tgcgcagcag agcccggaat cagaagtact ggacgtcacce ggaatcggat 2160
teggtgecege gaatctegece ctggeggtgg cgetccatga atccgaagece gcocgggaagyg 2220
ccettttect ggagaagcag aaggaattcg gctggcatceg ggggatgcte ctggggggct 2280
cctegeteca ggtgtcecttt ctcaaggaca tcgccacgat gecgcaatccce accagtgatt 2340
tcggattect gtcectatete caggagaagg accggctggt cgacttcatc aaccagcaca 2400
ceetgetgee cteecggate gagtaccacg actaccteca gtgggccgece gaccggetga 2460
accacctggt cgagtacggce gtggaggeca ceggtgtgeg gecggtgace gaagecggtyg 2520
aggtegtege getegacgtg ctegeegggg accgggtggt cgeccggace agaaacctcg 2580
tectegecte cggectgege ccecceggetge cegagggege ggagaccgge gaacgegtet 2640
ggcacagcte ccagttgetg caccggetge ccgegttega cgaacgeccg ceccgcecggyg 2700
cegtegtggt cggegecgge cagagegegg ccgaggtege cgegcaccte atggaccget 2760
acccgecagge cgaggtgtge geggtgtteg cecgetacgg ctacagegte gccgactcca 2820
gccegttege caaccgegte ttegaccecgg ccgcegtgga cgacttcectac ttegececge 2880
ccgaggtcaa gcaggcecatce atgcgctacce acggeggcac caactacgece gtcegtcgacg 2940
aggacgtcct ccagggecte taccgecgece agtacgagea gaaggtgtece ggcegecccge 3000
ggctgegggt gatgaacgee tccegectgg tgtcegtega accgcegecag gaatccgecyg 3060
cegtacgegt ggagttectg cccacgggeg aacacaccga cctggacgece gacctggteg 3120
tgtacgccac cgggtacgac tccaccgacce cggecgaact geteggegge gtctecggeg 3180
cectecgeeyg ggacgaggcyg ggggagttge tgatceggeceyg cgactaccegyg ctceggcacca 3240
ceggggattt cceggtgegge atctacgtee agggegcecac cgaggcgacce cacggcatcg 3300
cctceccaccct getgtceccatg gtggeggtcee gecgegggcega gatcgeccgg tegatcaccg 3360
geggeceggty cgacccggac cgctccaccg gaagcaagge agcagegggg aacagggget 3420
gaagtgtacg aacgtccgct gtaccgggag gattgcgacg gegtcecgtect ggegtttetg 3480
cgacacaacc cactggcaat ggtcgtcacce tegcacgacyg acgtcccggt ggccacccac 3540
gegecggtyge tgtteccggea cggacccgac ggcegecgacg ccgaggecgt cgecgeggge 3600
accgteccege tegecggete caccctgate ggecacatga acgtcgagaa cccgcagtgg 3660
cgeccggatge getceggega ccegggcegcecte atcgtcecttece agggcccgca cggctatgte 3720
tegecgacgg tctacggggt cacgccegeg geccccacct gggacttcat cgcegtecac 3780
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gtgaacggca cagtggagcce caccgecgac cccgecgecg tgctggacat cgtctccgac 3840
accgeccgge ggctggagte cggcetteggg cgeggcetggyg accaggagte ctcectcgac 3900
tacttcegee agatcgcgece cggcgtggge gcecttcacce tgcgggtcga ttcececgtgecag 3960

acgatgttca agctcagcca ggagtctaga gccce 3994

10
The invention claimed is: -continued
1. A compound selected from:

HO,

HO, 15

35
HO HO

40

110, HO,

45 e

50

55

NH 60

NH

HO
HO



US 9,271,977 B2

113 114
-continued -continued
HO,
5
[
o 10
NH
F
15
, 20
HO,
NH

25

H,N. which can also be represented as

55

HO, HO,

60

65



US 9,271,977 B2
115

116
-continued -continued
H 5 H
o) 0 (@) (0]
NHE o O HN ’ NH o O HN ’
10
N 0 o) N 0 0
NH NH
N
HO / HO
\ 15
ey
F
F
20

25

30

HO

50

55

60

65



US 9,271,977 B2

117 118
-continued -continued
5 :
o) 0 O (0]
NH o O HN ’ NH o Q HN ’
10 o
N 0 0 N o}
NH NH
HO H,N
15
20

35

50

55

60

65



US 9,271,977 B2

119
-continued
N
: 5
O (0]
NHE o O HN
X Y 4 10
NH

zm

e

which can also be represented as:

20

25

120
-continued
_ N
o O
NH [e) HN
N O 0
NH
/N
HO \
e

including any tautomer thereof; or an isomer thereof in
which the C26, 27 C—C bond shown as trans is cis; and
including a methanol adduct thereof in which a ketal is
formed by the combination of the C-53 keto and the
C-15 hydroxyl group and methanol;

or a pharmaceutically acceptable salt thereof.

2. A compound selected from:

HO

HO
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including any tautomer thereof; or an isomer thereof in
which the C26, 27 C—C bond shown as trans is cis; and
including a methanol adduct thereof in which a ketal is
formed by the combination of the C-53 keto and the
C-15 hydroxyl group and methanol;

or a pharmaceutically acceptable salt thereof.

3. A compound according to claim 1 for use as a pharma-
ceutical.

4. A compound according to claim 1 for use as a pharma-
ceutical for the treatment of viral infections such as HCV or
HIV infection or muscular dystrophy.

5. A pharmaceutical composition comprising a compound
according to claim 1 and a pharmaceutically acceptable dilu-
ent or carrier.

6. The pharmaceutical composition according to claim 5
further comprising a second or subsequent active ingredient.

7. A pharmaceutical composition comprising a compound
according to claim 2 and a pharmaceutically acceptable dilu-
ent or carrier.

8. The pharmaceutical composition according to claim 7
further comprising a second or subsequent active ingredient.

#* #* #* #* #*
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